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Lipoxygenase enzyme activity is present in female gametophyte cell 
cultures of L. saccharina. The pH optimum of the L. saccharina crude extract was 
a range between pH 8.3 and pH 8.7. A commercially prepared lipoxygenase 
enzyme had a pH optimum of pH 10.2. Reactions with linoleic acid and the crude 
extract of L. saccharina formed the hydroxy fatty acid 13 -RODE and an one 
additional unidentified product. These were the same products as those formed by 
a commercial lipoxygenase enzyme. The lipoxygenase enzyme was inhibited by 
the substrate linoleic acid. The initial lipoxygenase enzyme rate followed 
substrate inhibition kinetics with the rate constant kuo = 6.87 gmol LA/mg 
enzymemin. The equilibrium constants for the commercially prepared 
lipoxygenase enzyme were Ksj.20 = 0.311 gmol LA/mL, and KLLpo = 1.02 gmol 
LA/mL and for the L. saccharina crude extract were Ks.Lpo = 2.75 gmol LA/mL and 
Kupo = 1.42 gmol LA/mL. The lipoxygenase enzyme is growth associated in the L. 
saccharina cultures. The specific lipoxygenase concentration significantly 
increased during the exponential phase of bioreactor cultivation of L. saccharina 
cultures. 
Bromoperoxidase enzyme activity was found in crude extracts of 0. 
secundiramea cultures. The pH optimum was pH 6.0 for the 0. secundiramea 
crude extract. A commercially prepared bromoperoxidase enzyme had a pH 
optimum of pH 6.2. Reactions of monochlorodimedon (MCD) with the crude 
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crude extract was Ks,Bpo = 18.1 nmol/mL. The specific bromoperoxidase enzyme 
concentration was constant in bioreactor cultivation of 0. secundiramea and is 
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 Enzyme Activity in Cultures of the Marine Macroalgae Laminaria saccharina and 
Ochtodes secundiramea 
1. INTRODUCTION 
Marine macroalgae are a plentiful resource of unique chemical compounds, 
many of which show promise as pharmaceuticals, biodegradable pesticides or food 
additives (Carte, 1996; Radmer, 1996). Two of the major metabolic pathways that 
make many of these unique compounds are the lipoxygenase enzyme pathway, found 
in all higher plants and animals, and the bromoperoxidase enzyme pathway, found 
mainly in marine organisms. 
1.1 Lipoxygenase Enzymes 
Lipoxygenase enzymes stereo- and regio-selectively oxidize 1,4-pentadiene 
cis-polyunsaturated fatty acids to hydroxy-fatty acid derivatives, which are also called 
eicosanoids (Gardner, 1991). In general, eicosanoids, fall into five major classes - the 
hydroxy fatty acids, the prostaglandins, the prostacyclins, the thromboxanes and the 
leukotrienes. All are a target for medical research since they play an important role in 
pain, inflammation and fever (Alberts et al., 1994). Most biologically important 
eicosanoids in marine macroalgae are derived from arachadonic acid, a twenty carbon 
fatty acid, such as in the case of 15-HETE, a bioactive oxylipin produced by 15­
lipoxygenase (Gerwick et al., 1993). 
The lipoxygenase enzyme pathway has been studied in terrestrial plants 
because of its role in wound response. There are different types of lipoxygenase 
enzymes, named according to which carbon on the polyunsaturated fatty acid is 
oxidized. Not all of the lipoxygenases exhibit the same characteristics. They tend to 
fall into two catagories, those with a pH optima near neutral and those with a pH 
optima between pH 8-9 (Vick and Zimmerman, 1987). Some forms of the 
lipoxygenase enzyme are extremely unstable, and so mechanistic studies have been 
hampered (Zhang, 1994). 2 
Several different assays for the measurment of lipoxygenase activity have been 
reported. Pinto et al. (1997) estimated lipoxygenase enzyme activity in red potato 
tubers by measuring the decrease in dissolved oxygen concentration. Choi and 
Bostock (1994) used an mRNA gel blot to indirectly measure enzyme activity. In the 
Oscillatoria species of fresh water green algae, an isolated and purified lipoxygenase 
enzyme was assayed using a spectrophotometric technique based upon the oxidation 
of linoleic acid to 13-HODE (Beneytout et al., 1989). 
Lipoxygenase enzymes are thought to be localized within the chloroplasts of 
plants (Feussner et al., 1995) although some form of the enzyme may be soluble in the 
cytosol (Gallaird and Chan, 1980). The isolation of chloroplasts from brown 
macroalgae has traditionally been difficult, but a successful intact chloroplast 
isolation was reported for Laminaria digitata (Strbac et al., 1994). 
1.2 Haloperoxidase Enzymes 
Haloperoxidase enzymes are largely found in marine organisms, primarily red 
macroalgae and sponges. These enzymes catalyze the halogenation of a variety of 
organic compounds (Itoh, 1988). Halogenated organic compounds are common in 
marine organisms because of the abundance of halogen atoms in seawater, 19,000 
mg/L for CY and 65 mg/L for Br (Fenical, 1975). Halogenated organic compounds 
are useful as insecticides, fungicides and medicines. Halomon, an acyclic 
monoterpene containing five halogen atoms from the red macroalga Porteria 
hornemannii, was recently under review as a potential anti-cancer drug candidate 
(Fuller et al., 1994). 
The haloperoxidase enzymes fall into three categories depending upon the 
halogen atom used by the enzyme, and include the chloroperoxidases, the 
bromoperoxidases and the iodoperoxidases. Haloperoxidases have been studied 
extensively in marine organisms, particularly red macroalgae. The assay for 
measurement of haloperoxidase activity was first reported by Murphy and hEocha 3 
(1973). It was a spectrophotometric assay using monochlorodimedon, hydrogen 
peroxide and bromide ion as the substrates. The bromination of monochlorodimedon 
to monochloromonobromodimedon caused a decrease in absorption at 290 nm. 
Since 1973 many studies have attempted to characterize the haloperoxidase 
enzymes. Several species of marine red algae were assayed to find the pH optima for 
bromoperoxidase activity (Hewson and Hagar, 1980) Most pH optima fell between 
pH 6-7. Bromoperoxidase enzymes are inactivated by high concentrations of 
phosphate (Soedjak et al., 1991) which is usually present in the buffer used to extract 
the enzyme. The enzyme is also inactivated by high levels of hydrogen peroxide 
(Winter and Butler, 1996) which is necessary for the catalytic activity of the enzyme. 
Mechanistic studies of the haloperoxidase reaction have indicated that the 
haloperoxidase enzyme forms an enzyme/halonium cation complex which then 
donates its halogen to a halogen acceptor, such as monochlorodimedon (Itoh et al., 
1987). 
Enzyme activity for both lipoxygenase and bromoperoxidase enzymes has 
been typically reported as either a normalized percent or in units of activity. Kinetic 
models for a bromoperoxidase reaction involving two substrates, hydrogen peroxide 
bromide ion, under conditions of hydrogen peroxide inhibition, have been reported by 
Soedjak et al. (1995). 
1.3 Enzyme Kinetics 
Cell free kinetic experiments using purified lipoxygenase and 
bromoperoxidase enzymes have been successful. A lipoxygenase isolated and 
purified from the fresh water green alga species Oscillatoria was able to convert 
linoleic acid into two hydroxy fatty acids, 13-HODE and 9-HODE (Beneytout et al., 
1989). The hydroxy fatty acids 13-HODE and 9-HODE were also produced in a cell 
free reaction involving a lipoxygenase isolated and purified from red potato tubers 
(Pinto et al., 1997). Shang et al. (1994) compared purified bromoperoxidase enzyme 4 
to a crude algal extract and found no difference in the products formed from phenol 
substrates. The bromination of phenol compounds by crude extracts of several 
different red and green marine algae has been reported by Yamata et al., (1985). 
1.4 Research Objectives 
Previous work done with the lipoxygenase enzyme system has mainly focused 
on terrestrial plants. Lipoxygenase enzyme metabolites were reported by Rorrer et al. 
(1997) in female gametophyte suspension cultures of the brown macroalga Laminaria 
saccharina, but lipoxygenase enzyme activity in this culture has not been studied. 
Enzyme activity is generally reported in normalized percent or units of activity, few 
attempts have been made to report specific enzyme concentrations. Bromoperoxidase 
enzyme activity has been reported in the intact, field collected macroalga Ochtodes 
secundiramea (Hewson and Hager, 1980), but no reports of bromoperoxidase enzyme 
activity have been found for activity in the microplantlet suspension culture of 0. 
secundiramea. 
This work has four objectives: 1) to develop spectrophotometric assays to 
measure lipoxygenase enzyme activity in crude extracts of Laminaria saccharina cell 
suspension cultures and bromoperoxidase enzyme activity in Ochtodes secundiramea 
microplantlet suspension cultures; 2) to compare enzyme activity, kinetic 
parameters, and pH optima of L. saccharina and 0. secundiramea crude extracts to 
commercially prepared lipoxygenase and bromoperoxidase enzymes; 3) to estimate 
specific enzyme concentration of lipoxygenase in L. saccharina and bromoperoxidase 
in 0. secundiramea cultures over the culture life cycle, and 4) to compare formation 
of products by crude extracts of L. saccharina and 0. secundiramea to those of 
commercially prepared lipoxygenase and bromoperoxidase enzymes. 5 
2. MATERIALS AND METHODS 
2.1 Culture Maintenance 
2.1.1 Laminaria saccharina Female Gametophyte Cultures 
Female gametophyte cell suspension cultures of the brown macroalga 
Laminaria saccharina were established from spores as previously described (Qi and 
Rorrer, 1995). Photolithotrophic cultures were grown in GP2 artificial seawater liquid 
medium adjusted to pH 8.5 with 340 mg/L sodium bicarbonate. Aliquots of 100 mL 
culture were maintained in 250 mL Erlenmeyer flasks under cool-white fluorescent 
light at 30 gE/m2.s, 16 h light/8 h dark photoperiod, and a temperature of 13 °C within 
a low-temperature illuminated incubator. Flask cultures were subcultured every 4-6 
weeks. Prior to subculture, the biomass suspension was blended on a Osterizer 
blender fitted with razor blades at "liquify" speed for 5-10 seconds to reduce the size 
of the filament clumps without compromising culture viability. The blended biomass 
suspension was then filtered on an autoclaved 20 gm nylon mesh and washed three 
times with 100 mL of sterile GP2 medium. The filtered biomass was resuspended in 
sterile GP2 medium (pH 8.5) to provide an inoculum of 25% (v/v). Flask cultures 
were swirled for 5 seconds once per day to promote gas exchange. All procedures 
were carried out in a laminar flow hood using sterile technique. 
2.1.2 Ochtodes secundiramea Microplantlet Culture 
Microplantlet shoot tissues of the red macroalga Ochtodes secundiramea 
regenerated from callus culture were obtained from Dr. Don Cheney at the Marine 
Science Center at Northeastern University. The cultures were grown on filter 
sterilized natural seawater obtained from the Hatfield Marine Science Center in 
Newport, Oregon and supplemented with ESS nutrients. The final medium p1-1 was 6 
8.1. Aliquots of 100 mL culture were maintained in 250 mL Erlenmeyer flasks under 
cool-white fluorescent light at 30 µE/m2s, 10 h light/14 h dark photoperiod, and a 
temperature of 24 °C within an illuminated incubator. Flask cultures were 
subcultured every 4-6 weeks by severing tips from the 0. secundiramea tufts. 
Specifically, ten to fifteen tips were resuspended in 100 mL filter sterilized natural 
seawater supplemented with ESS nutrients. Flask cultures were swirled for 5 seconds 
once per day to promote gas exchange. The ESS-natural seawater medium was 
replaced every two weeks. 
Bubble flasks of 0. secundiramea were also maintained. Aliquots of 450 mL 
culture were grown in 500 mL Erlenmeyer flasks fitted with 6 mm ID glass tubes. Air 
was bubbled into each flask through the tube at a rate of 235 mi./min. Bubble flask 
cultures were grown under cool-white fluorescent light at 23 1.1E/m2s, 10 h light/14 h 
dark photoperiod and a temperature of 24 °C within an illuminated incubator. 
Cultures were subcultured every 4-6 weeks. Prior to subculture, tufts of 0. 
secundiramea were blended with an Osterizer blender fitted with the original blender 
blades on "grind" speed for approximately 5 seconds. The blended biomass was 
resuspended in filter sterilized natural seawater supplemented with ESS nutrients to 
provide an inoculum of 20% (v/v). The medium was replaced every one to two 
weeks. All procedures were carried out in a laminar flow hood using sterile 
technique. 
2.2 Enzyme Analysis 
2.2.1 Laminaria saccharina Lipoxygenase 
2.2.1.1 CHLOROPLAST ISOLATION 
Chloroplasts were isolated from L. saccharina gametophyte cell cultures prior 
to the assay for lipoxygenase enzyme activity. A 15-20 mL sample of L. saccharina 7 
cell culture was collected and then filtered on a refrigerated stainless steel cup fitted 
with a 150 mesh stainless steel screen. The cells were washed three times with 5 mL 
of a chilled (4°C) grinding medium consisting of 1 M sorbitol, 0.001 M MnC12, 0.001 
M MgC12, 0.002 M NaNO3, 0.002 M sodium citrate, 0.002 M cysteine, 0.0005 M 
K2HPO4, 0.005 M EDTA, 0.05 M MES and 0.2% (w/v) BSA adjusted to pH 8.3 with a 
50% w/v NaOH solution. The washed cells were then transferred from the steel cup 
to a refrigerated 15 mL Potter-Elvehjem (PE) tissue homogenizer and homogenized 
for 10-15 minutes in 1-7 mL of grinding medium. The homogenate was then filtered 
through 8 layers of cheese cloth into a 50 mL centrifuge tube. A 1.0 mL aliquot of 
filtrate was removed for chlorophyll a measurement. The remaining filtrate was 
centrifuged at 5500g for 7 minutes. The supernate was decanted, and the pelleted 
chloroplast rich fraction was resuspended in 1-3 mL of grinding medium. The 
pelleted chloroplast rich fraction and supernate were stored in the dark at 2-8 °C. 
2.2.1.2 LIPDXYGENASE ACTIVITY ASSAY 
The lipoxygenase enzyme activity of the pelleted chloroplast rich fraction 
isolated from L. saccharin gametophyte cell cultures was measured by a 
spectrophotometric technique. Linoleic acid served as the substrate. Linoleic acid 
(LA) stock solution was prepared by dissolving 50 gL (46 mg) linoleic acid into 500 
gL 100% ethanol. The total volume was brought up to 50 mL with distilled/deionized 
water, so that the final concentration of LA was 3.2 mM. The solution was emulsified 
completely by continuous stirring and then stored in the dark at 4 °C. 
The technique for spectrophotometric measurement of lipoxygenase activity is 
detailed below. First, 0.5 mL of LA stock solution and 2.4 mL of 0.2 M boric acid 
buffer (adjusted to pH 8.3 with 50% w/v NaOH) were added into a 4 mL quartz 
cuvette of 10 mm pathlength. The cuvette was shaken and then placed in the 
spectrophotometer. The spectrophotometer was zeroed in this solution. To initiate 
the lipoxygenase reaction, 0.05 mL of the supernate or resuspended pelleted 8 
chloroplast rich fraction was added to the cuvette. Alternatively, 0.1 mL of a 0.15 
mg/mL (100,600 units/mg) commercial soybean lipoxygenase (Sigma Chemical 
Company, Catalog #L8383) was added to the cuvette to initiate the reaction. The 
cuvette was shaken again and immediately placed back into the spectrophotometer. 
The absorbance at 234 nm was then measured at the rate of 1 data point/second for up 
to 10 minutes. The absorbance of a "blank" containing 0.05 mL grinding medium was 
also measured. The absorbance curve of the blank was then subtracted from the 
absorbance curve of the sample to obtain the corrected absorbance curve. The 
temperature of all reactions inside the spectrophotometer was 35°C. 
2.2.1.3 LIPDXYGENASE CHARACTERIZATION 
EXPERIMENTS 
To verify the presence of the lipoxygenase enzyme in the L. saccharina 
chloroplast rich extract, two experiments were performed. First, the full spectrum 
absorbance (190-800 nm) of the lipoxygenase assay was measured using a Hewlett 
Packard photo-diode array spectrophotometer (Model 8452A) to verify the peak 
wavelength for the enzymic reaction matched 234 nm, the peak wavelength for 
oxidation of linoleic acid to 13-HODE. Second, the dependence of the lipoxygenase 
activity on pH was determined for both chloroplasts isolated from L. saccharina and 
for a commercially purified soybean lipoxygenase (Sigma Chemical Company, 
Catalog #L8383). The pH inside the cuvette was adjusted by using different buffer 
solutions, either a 0.2 M boric acid buffer solution adjusted to lower pH with 1.0 N 
HC1 or a 0.2 M boric acid buffer adjusted to higher pH with a 50% w/v NaOH 
solution. The initial concentration of linoleic acid was 2.6 mM for all pH 
experiments. 9 
2.2.2 Ochtodes secundiramea Bromoperoxidase 
2.2.2.1 BROMOPEROXIDASE EXTRACTION 
A crude extract of 0. secundiramea was obtained by grinding approximately 
200-300 mg fresh weight tissue for 60-90 minutes in a 15 mL PE tissue homogenizer 
in 4 mL of a grinding medium containing 0.1 M KH2PO4 and 0.025 M H202 (adjusted 
to pH 6.0 with 50% w/v NaOH). The extraction was performed at room temperature. 
The crude extract was allowed to settle for 5-10 minutes to provide a clear supemate 
for the BPO assay. The assay was performed immediately after extraction. 
2.2.2.2 BROMOPEROXIDASE ACTIVITY ASSAY 
The bromoperoxidase (BPO) activity of the 0. secundiramea crude extract 
was measured by a previously reported spectrophotometric technique where the 
substrate monochlorodimedone is converted to monobromomonochlorodimedone 
(Murphy et al. 1973). First, 2.5 mL of 0.1 M KH2PO4 buffer containing 0.1 M KBr 
(adjusted to pH 6.0 with 50% w/v NaOH), 0.3 mL of 0.1 M H202 and 0.025-0.10 mL 
of 0.001 M monochlorodimedone (MCD) dissolved in ethanol were added to a quartz 
cuvette with a 10 mm pathlength. The cuvette was shaken by hand to mix the 
reactants and then placed into the spectrophotometer. The absorbance at 290 nm was 
measured for one minute to establish a baseline where no reaction was taking place. 
The cuvette was removed from the spectrophotometer and 0.1 mL of crude extract 
was added to the cuvette to initiate the BPO reaction. Alternatively, 0.1 mL of a 0.05 
mg/mL (100 units/mg) commercial bromoperoxidase (Sigma Chemical Company, 
Catalog #82170, isolated from Corallina officinalis) was added to the cuvette to 
initiate the reaction. The cuvette was shaken again and placed back into the 
spectrophotometer. The absorbance at 290 nm was recorded at a rate of 1 data 10 
point/second for 2 minutes during the BPO reaction. The temperature during the 
course of the assay was 35 °C. 
The BPO activity of the crude extract was measured at different initial 
concentrations of MCD. First the concentration of MCD was estimated by the 
equation 
CMCD =  C0 414CD  eAPO A AU  (1) 
where CMCD is the current concentration of MCD in the cuvette (nmol/mL), CO3mcD is 
the initial concentration of MCD (nmol/mL), A AU is the change in absorbance 
(mAU) and e gpo is the absorbance constant for MCD at 290 nm (0.0417 nmol 
MCD/mAUmL). The MCD concentration was plotted vs. time, and the slope during 
the first 30 seconds was used as the initial rate Ro (nmol MCD/mLmin) 
AC 
Rojipo= slope =  MCD 
&i 
2.2.2.3 BROMOPEROXIDASE ENZYME pH 
EXPERIMENTS 
The dependence of bromoperoxidase activity on pH was determined for both a 
crude extract of 0. secundiramea and a commercial bromoperoxidase (Sigma 
Chemical Company, Catalog #B2170, isolated from Corallina officinalis). The pH 
inside the cuvette was adjusted by using different buffer solutions, either a 0.05 M 
K2HPO4/KBr buffer adjusted to lower pH using 1.0 N HC1 or a 0.05 M KH2PO4/KBr 
buffer adjusted to higher pH with 50% w/v NaOH. The initial concentration of MCD 
was 33.3 gM for all pH experiments. 11 
2.3 Bioreactor Cultivation 
23.1 Cultivation of Laminaria saccharina 
An Applikon Instruments jacketed 3L stirred tank bioreactor equipped with a 
45 mm marine blade impeller was used to cultivate L. saccharina gametophyte cell 
suspensions for lipoxygenase activity time course experiments. Cultivations were 
carried out at 12 °C, aeration rate of 1150 mL air/min, and impeller speed of 250 rpm. 
Light intensity incident to the culture was 77 gE/ms with a photoperiod of 16 hour 
on/8 hours off. The bioreactor was inoculated with 28 to 78 day old L. saccharina 
cell cultures. Prior to inoculation, the cultures from 4-5 flasks were blended for 3-5 
seconds in an Osterizer blender at "liquefy" speed, filtered on a 20 gm nylon mesh, 
and washed three times in GP2 base artificial seawater. The filtered biomass was 
inoculated into 2.5 L of autoclaved GP2 medium within the autoclaved bioreactor 
vessel. The pH of the culture was initially adjusted to pH 8.0 by the addition of 2.5 
mL of a 0.8 M NaHCO3 solution. 
Culture samples of 80 mL were collected every five days. The dry cell 
density, chlorophyll a concentration, pH, fresh weight and lipoxygenase activity were 
measured for each culture sample immediately after sampling. 
2.3.2 Analytical Methods 
Four methods were used to characterize cultivation of L. saccharina culture in 
the bioreactor experiments: dry cell density, chlorophyll a concentration, and fresh 
cell density. The dry cell density (g DCW/L culture) was measured by vacuum 
filtering 20 mL samples on oven-dried (80 °C, 24 hr), preweighed, 0.45 gm Millipore 
filters (47 mm diameter). The filtered cell mass was then oven dried at 80 °C for 24 
hours and weighed. The average retention of medium salts on the filter was 0.0907 g 12 
salt/g filter paper. The cell density was then calculated from the corrected weight and 
the sample volume. The average value of two measurements was reported. 
The concentration of chlorophyll a (mg chl a/L culture) was determined for 
both the isolated chioroplasts and culture in the reactor. For the chl a concentration of 
the culture in the reactor, 5 ml of culture sample was vacuum filtered on a 20 gm 
mesh nylon filter. Both filter and culture were placed into a 15 mL sample vial with 5 
ml of methanol and refrigerated overnight. The liquid fraction was then pipetted into 
a cuvette and the absorbance at 665 nm was measured in a spectrophotometer. For the 
chlorophyll a concentration of the isolated chloroplasts, 1-2 ml of filtrate was added to 
5 ml of methanol and left overnight in the refrigerator. The liquid fraction was then 
pipetted into a cuvette and the absorbance at 665 nm was measured. The 
concentration of chlorophyll a was calculated according to the equation 
C A E  °II chia- 665  A  (3) 
where cab, is the concentration of chlorophyll a (mg chl a/L culture), A665 is the 
spectrophotometric absorbance reading in Me0H at 665 nm (AU), EA is the light 
absorption coefficient for chla at 665 nm using a 10 mm path length glass cuvette 
(16.29 mg chl a/AUL Me0H), Vmece is the volume of methanol (L) and Vs is the 
volume of the sample (L). 
Fresh cell density (g FW/L culture) was measured by vacuum filtering 20 mL 
of sample on a 20 gm nylon mesh filter. The biomass was then transferred from the 
filter to a preweighed 15 mL vial and weighed again. The fresh cell density was 
calculated from the weight difference and the sample volume. 
2.3.3 Cultivation of Ochtodes secundiramea 
A planar bubble-column photobioreactor was used to cultivate 0. 
secundiramea for the BPO time course experiment. The planar reactor vessel was a 13 
37 cm long by 29 cm high by 5 cm wide (5.4 L interior volume) plexiglass chamber 
described earlier by Mullikin (1998). The culture was suspended by aeration with a 
0.32 cm ID, 34 cm long aquarium sparger placed along the bottom of the vessel. 
To sterilize the reactor, the interior surfaces were rinsed with a 5% bleach 
solution and then rinsed three times with autoclaved distilled/deionized water. Three 
bubble flasks of O. secundiramea were blended for 5 seconds with an Osterizer 
blender on "grind" speed as described earlier and then inoculated into 3.0 L of filter 
sterilized natural seawater supplemented with ESS nutrients (10 mL ESS 100X stock 
solution per L of seawater) within the sterilized bioreactor. The typical inoculum was 
1.5 and 2.0 g fresh weight tissue. Air was sparged in to the vessel at 2125 mL/min, 
the light intensity inside the planar plexiglass wall was 38.1 gE/m2s (one sided 
illumination, 10 cm from light source) and the photoperiod was 10 hours on/14 hours 
off. The cultivation was carried out at room temperature which varied between 20 
and 21 °C. 
Every 4-6 days, the total fresh weight of tissue in the reactor vessel was 
measured by filtering the entire contents of the vessel onto an autoclaved 60 gm nylon 
mesh and weighing the filtered tissue on an analytical balance. A 250-400 mg fresh 
weight sample was removed from the filtered biomass for BPO activity analysis. BPO 
activity was measured as described above immediately after removal of the sample. 
The medium was not changed during the course of the experiment. All procedures 
were performed using sterile technique within a laminar flow hood. 
2.4 Cell Free Enzyme Kinetic Experiments 
2.4.1 Laminaria saccharin Gametophyte Cultures 
The lipoxygenase enzyme is capable of oxidizing linoleic acid as a cell free 
extract. To follow the time course of product formation from the linoleic acid 14 
substrate, cell free kinetic experiments were performed with the crude extract of L. 
saccharina and a commercially prepared LPO enzyme. 
A crude extract of L. saccharina was prepared as previously described except 
without centrifugation. A 3-5 mL aliquot of uncentrifuged crude extract or 1.0 mL 
aliquot of a 0.15 mg/mL (100,600 units/mg) commercially prepared soybean 
lipoxygenase enzyme (Sigma Chemical Company, Catalog #L8383) solution was 
added to a 30 mL glass beaker with 15 mL of a 0.05 M KR2PO4 buffer (pH 8.3) 
containing either 0.182 mM linoleic acid for the crude extract or 1.2 mM for the 
commercial lipoxygenase enzyme. The vessel was mixed with a 1.0 cm magnetic stir 
bar at a speed of 100 rpm. All reactions were carried out at 20 °C for 60 minutes. 
The pH of the reacton was measured before addition of the crude extract or 
commercial enzyme. The pH of all reactions was pH 8.3. A 1.0 mL sample was taken 
every 15 minutes and placed into 20 mL glass scintillation vial. To quench the 
reaction and extract the compounds of interest, 2.0 mL of dichloromethane (DCM) 
was added to the sample immediately. The samples from the crude extract 
experiments were filtered through a 15 mL syringe fitted with a 0.45 gm Millipore 
filter (15 mm diameter) to remove particulates. All samples were immediately blown 
down to dryness under nitrogen and reconstituted in 400 µL of DCM. All samples 
were stored in the freezer at -20 °C until GC analysis. 
2.4.2 Ochtodes secundiramea Microplautlet Cultures 
The bromoperoxidase enzyme is also retains catalytic activity as a cell free 
extract. To follow the time course of product formation for monochlorodimedon, cell 
free experiments were performed with the crude extract of 0. secundiramea and a 
commercially prepared BPO enzyme. 
A crude extract of 0. secundiramea was prepared as previously described. A 
1.0 mL aliquot of crude extract was added to a 30 mL glass beaker with 8.5 mL of 
0.05 M K2HPO4/KBr buffer (pH 6.0), 1 mL of 0.1 M H202 and 0.5 mL of a 0.001 M 15 
MCD stock solution. Alternatively, 0.02 mL of a 0.05 mg/mL (100 units/mg) 
commercially prepared BPO enzyme (Sigma Chemical Company, Catalog #B2170, 
isolated from Cora llina officinalis) solution was added to 8.5 mL of 0.05 M 
K2HPO4/KBr buffer (pH 6.0), 1.0 mL of OA M 14202 and 0.5 mL of a 0.011 M MCD 
stock solution. The vessel was mixed with a 1.0 cm magnetic stir bar at a speed of 
100 rpm. All reactions were carried out at 20 °C for 60 minutes. The pH of the 
reacton was measured before addition of the crude extract or commercial enzyme. 
The pH of all reactions was pH 6.0. A 1.0 mL sample was taken every 10-15 minutes 
and placed into 20 mL glass scintillation vial. To quench the reaction, the sample was 
immediately added to a 0.019 mM sulfuric acid solution (pH 1.8). The samples from 
the crude extract experiment were then filtered through a 15 mL syringe fitted with a 
0.45 gm Millipore filter (15 mm diameter) to remove particulates. All samples were 
evaporated at room temperature down to dryness. The commercial enzyme samples 
were reconstituted in 400 ttl, of DCM and the crude extract samples were reconstitued 
in 200 tiL of DCM. All samples were stored in the freezer at -20 °C until GC 
analysis. 
2.4.3 Gas Chromatographic Analysis 
A Hewlett Packard 5890 Series II Gas Chromatograph equipped with a 5m by 
0.5 mm methyl silicone column and an FID detector was used to analyze samples 
from all cell free kinetics experiments. The carrier gas was helium and the total flow 
through the column was 10 mL/min (split ratio 20:1). The sample injection volume 
was 2.5 to 5µL for all samples. 
Two different temperature programs were used to analyze the samples, one for 
the analysis of linoleic acid and products, the other for MCD and products. To 
analyze for linoleic acid and its products, the injection temperature was set to 250 °C 
and the starting oven temperature was 90 °C. The oven program consisted of a 40 °C 
per minute ramp to 275 °C followed by a one minute hold at 275 °C. The detector 16 
temperature was 280 °C. To analyze for MCD and its products the injection 
temperature was set at 250 °C and the starting oven temperature was 80 °C. The 
oven program consisited of a 40 °C per minute ramp to 220 °C. The detector 
temperature was again set to 280 °C. Calibration curves for linoleic acid, 13-HODE 
and MCD at the GC program conditions described above are presented in Appendix E. 17 
3. RESULTS AND DISCUSSION 
3.1 Enzyme Activity 
Two unique enzyme pathways for secondary metabolite production in marine 
macroalgae are the oxidation of poly-unsaturated fatty acids by lipoxygenase enzymes 
and the halogenation of terpenoids and other organic compounds by haloperoxidase 
enzymes. 
3.1.1 co-6 Lipoxygenase Activity in Laminaria saccharina 
3.1.1.1 OXIDATION OF LINOLEIC ACID TO 13 -RODE 
In Laminaria saccharina an o -6 lipoxygenase (LPO) converts linoleic acid to 
13 -RODE by the reaction shown in Figure 1. 
COOH  co-6 LPO 
+  1/2 02 
Linoleic acid (LA) 
OH 
13-HODE 
Figure 1 Oxidation of linoleic acid to 13-HODE by an co-6 lipoxygenase enzyme. 
The co-6 lipoxygenase adds an oxygen atom to C-13 creating a conjugated double 
bond at the A' and A" positions. This conjugated double bond absorbs UV light at 
234 tun and its formation is the basis for the spectrophotometric assay developed to 
study this system. 18 
3.1.1.2 LIPDXYGENASE RATE ESTIMATION FROM 
SPECTROPHOTOMETRIC ASSAY 
3.1.1.2.1 Assay Kinetics 
The full spectrum (190-800 run) absorbance curve for the above 6)-6 
lipoxygenase reaction is shown in Figure 2. A chloroplast rich extract of L. 
saccharina was used as the source of enzyme and linoleic acid was used as the 
substrate. There is a distinct maximum at wavelength (1) 234 nm, the characteristic 
peak wavelength (1.) of 13-HODE. The peak at 234 nm also increases over the 10 
minute reaction time. 
Representative kinetics for substrate and 02 depletion associated with the 
spectrophotometric lipoxygenase assay for a commercially prepared lipoxygenase 
enzyme, a chloroplast rich fraction of a crude extract of L. saccharina and a supernate 
fraction of an L. saccharina crude extract are presented in Figures 3 through 5. The 
concentration of dissolved oxygen was calculated from gas solubility data. For all 
enzyme sources, the slope of the absorbance vs. incubation time curve increased over 
the first minute and then to leveled off. None of the reactants were completely 
consumed during the course of the assay using either crude extracts or the 
commercially prepared lipoxygenase. 
The grinding medium used to prepare the commercial enzyme and the crude 
extract of L. saccharina also absorbed at 234 nm, the absorbance curve of the grinding 
medium blank was subtracted from the absorbance curve of the enzyme or the crude 
extract to generate a "corrected" absorbance vs. time curve. Figure 6 shows an 
example of the "corrected" absorbance vs. time curve. 
The increase in absorbance at 234 nm in both the full spectrum absorbance 
curve and in the spectrophotometric assay indicate the oxidation of linoleic acid to 13­
HODE by the lipoxygenase enzyme. The temperature inside the cuvette was 35 °C 
and the pH was 8.3 during the course of the assay. The absolute absorbance of the 
chloroplast rich and supernate fractions is higher than that of the commercial enzyme 19 
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Figure 2 Full spectrum absorbance for lipoxygenase assay of an L. saccharina crude 
extract using linoleic acid as the substrate. 
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Figure 3 Lipoxygenase assay kinetics for a commercial lipoxygenase enzyme. 20 
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Figure 4 Lipoxygenase assay kinetics for the chloroplast fraction of a crude extract of 
L. saccharin. 
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Figure 5 Lipoxygenase assay kinetics for the supernate fraction ofa crude extract of 
L. saccharina. 22 
because the crude extract is not purified in any way and still contains small colloidal 
particles which block transmittance of the light through the cuvette. 
3.1.1.2.2 Rate Estimation 
The initial rate, Roipu (gmol LA/min-mL), for the commercial lipoxygenase 
enzyme was calculated according to the equation 
R0,1_,P0  SAU e  (4) 
where e is the absorbance constant for 13-HODE at 234 nm (0.04 gmol LA/AUmL) 
and SAU is the regressed slope of the first thirty seconds of the "corrected" absorbance 
vs. time curve. 
Lipoxygenase activity was found in both the supernate and chloroplast rich 
fractions of the crude extract, and so the total lipoxygenase activity of the crude 
extract was a weighted sum of the activity found in each fraction. A full derivation of 
the total lipoxygenase activity is provided in Appendix C. The total initial 
lipoxygenase activity of the crude extract was estimated by the equation 
VsF C  V C VCF  CF  CACF 
RV-20  e [5cF  A=&7)  SsF (-2:  +  (5) VE  VE  CA,CF  VE CA  j E 
In equation (5), CA,sF is the chlorophyll a concentration of the supernate fraction (mg 
chl a/L), CA.cF is the chlorophyll a concentration of the chloroplast rich fraction (gg 
chl a/mL), ScF and SSF are the "corrected" absorbance slopes of the chloroplast rich 
and supernate sample fractions respecitively (AU/min), Va is the volume of the aliquot 
added to the cuvette (mL), VE is the volume the crude extract (mL), and VSF and VcF 
are the volume of the supernate fraction and chloroplast rich fractions (mL). 
This method of estimating lipoxygenase enzyme activity rate from 
spectrophotometric data of a crude extract of a marine macroalga is a new technique. 
The enzyme activity for the crude extract is complicated because enzyme activity was 23 
found in the supernate fraction as well as the chloroplast rich fraction. This may be 
due to the grinding process used to make the crude extract. Some chloroplasts may 
rupture during the grinding process freeing the lipoxygenase enzyme which is then left 
in the supernate fraction after centrifugation. 
3.1.1.3 KINETIC PARAMETERS 
The initial lipoxygenase activity rate (Ro ,Lpe) vs. initial linoleic acid 
concentration (Co3A) profile for the commercial lipoxygenase is presented in Figure 7. 
For comparison, the initial lipoxygenase rate (R0,11,0) vs. initial linoleic acid 
concentration (Colpo) for the crude extract of L. saccharina is presented in Figure 8. 
The commercial enzyme showed a pronounced decrease in initial rate at high 
substrate concentrations, indicating substrate inhibition. The crude extract did not 
show a pronounced decrease but does reach a maximum over the concentrations 
tested. The reaction scheme for substrate inhibition is shown in Figure 9. The 
definitions of the equilibrium constants are 
[S] [ES]  [S] [E] Kupo =  (6) [ES1  s'113°  [ES] 
where [S] is the substrate concentration, [E] is the enzyme concentration, [ES] is the 
concentration of the enzyme/substrate complex and [ES *] is the concentration of the 
inhibiting enzyme/substrate complex. 
By assuming rapid equilibrium Ro,Lpo can be expressed as 
R max, LPO  CO3JA 
RO,LPO  c IA  (7) K C S,LPO  0 LA 
where C: is the initial concentration of linoleic acid (gmol/mL), Ksipo is the half 24 
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Figure 7 Initial volumetric lipoxygenase rate vs. initial linoleic acid concentration for a 
commercial lipoxygenase enzyme. 
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Figure 8 Initial volumetric lipoxygenase rate vs. initial linoleic acid concentration for 
a crude extract of L. saccharina. 25 
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Figure 9 Reaction scheme for substrate inhibition. 26 
saturation constant (1.1mol/mL), Ki,Lpo is the substrate inhibition constant (gmol/mL) 
and Rn,ipo is the maximum rate of linoleic acid turnover (.imol/mLmin). The 
maximum rate is defined by the equation 
Rmax,LPO  kLPO eLP0  (8) 
where kuo is the rate constant for linoleic acid turnover by the lipoxygenase enzyme 
(p.mol LA/unitmin) and eLpo is the volumetric lipoxygenase enzyme concentration in 
the cuvette (unit/mL). 
The half saturation constant (Ks,Lpo) was estimated from enzyme kinetic data. 
At low concentrations (CLA/Kupo <<1) the inhibition effect is not observed and 
equation (7) reduces to 
Rmax,LPO 
RO,LPO  (9) Coto KS,LPO 0,1A 
or 
Ks LK),  1 1 1 
+  (10) 
RO,LPO  Rmax,LPO  Rmax,LPO ;LA 
Plots of 1/Ro,Lpo vs. 1/CoLA for the commercial lipoxygenase and the crude extract are 
given in Figures 10 and 11. The y-intercept is 1/R,Lpo and the slope is 
KS,LPORmax_LPO. Only the last three data points were used in the regression analysis for 
both the crude and commercial enzyme. 
Once Ks.Lpo was obtained, kuo and Kupo was estimated by a non-linear 
regression of Ro,Lpo vs. CO3LA data using equation (7) with Rma,apo defined by equation 
(8). The point at 0.5 p.mol LA/mL for the crude extract in Figure 8 was an outlier and 
was not used in the non-linear regression of equation (7). The kinetic parameters for 
both the commercially prepared lipoxygenase enzyme and the L. saccharin crude 27 
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Figure 10 Inverse LPO rate vs. inverse linoleic acid concentration for a commercial 
lipoxygenase enzyme. 
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Figure 11 Inverse LPO rate vs. inverse linoleic acid concentration for a crude extract 
of L. saccharine. 28 
Table 1 Comparison of kinetic parameters of the substrate inhibition model for the L. 
saccharina crude extract and the commercial lipoxygenase enzyme. 
Kinetic parameters
 
Ks120
 
K1 
km 
Co.opt 
Temperature 
pH 
L. saccharina crude extract 
2.75 ± 0.43 pmol LA/mL 
1.42 ± 0.54 gmol LA/mL 
NA 
2.03 pmol LA/mL
 
35 °C
 
8.3
 
Commercial LPO enzyme
 
0.311 ± 0.026 pmol
 
LA/mL
 
1.02 ± 0.41 tamol LA/mL
 
6.21 x 10-5+ 8.50 x 10'
 
gmol LA/unitsmin
 
0.563 gmol LA/mL
 
35 °C
 
8.3 29 
extract are listed in Table 1. The optimum linoleic acid concentration (C0W was 
calculated by 
CO,IA  \IKS,LPO KLLPO 
The inhibition constants (Kupo) for both the L. saccharina crude extract and 
the commercially prepared lipoxygenase enzyme were comparable. The half 
saturation constants (Ks ,Lpo) were different. The commercial enzyme had a 
significantly lower value of Ks,Lpo than the crude extract which suggests the 
commercial enzyme may have a higher affinity for the linoleic acid substrate. The 
higher affinity for the substrate may account for the more pronounced decrease in 
initial rate at high substrate concentrations for the commercial enzyme. Also, the 
commercial enzyme was assayed at pH 8.5, whereas the optimum pH for the 
commercial lipoxygenase enzyme is pH 10.2. The optimal concentrations for the two 
sources of enzyme were also different, again because of the difference in Ks,LA values. 
3.1.1.4 SPECIFIC LIPDXYGENASE ENZYME 
CONCENTRATION IN L. saccharina CRUDE 
EXTRACTS 
The specific lipoxygenase enzyme concentration (ELm) is defined as 
e  V  Rmax,LPO  V LPO  R E R 
LPO  VE  (12)
kip° X_Dcw,E V E 
where VR is the reaction volume in the cuvette (mL),Va is the aliquot of crude extract 
added to the cuvette (mL), and XDcw,E is the equivalent dry cell density of the crude 
extract (g DCW/mL). The volumetric enzyme concentration (eLm) in the crude 
extract was back-calculated from equation (8) using the rate constant obtained from 
the commercially prepared lipoxygenase enzyme (kLpo) and Rma,cLpo obtained from the 30 
crude extract. The equivalent dry cell density of the crude extract was estimated from 
chlorophyll a measurements using the equation 
C X
 X  A,E  DCW,S 
DCW,E  (13) CAS 
where CA,E and CA,s are the chlorophyll a concentrations of the crude chloroplast 
extract and whole biomass sample respectively (pg chl a/mL) and XDcw.s is the dry 
cell density of the sample (g DCW/mL). 
A comparison of the specific lipoxygenase rate vs. linoleic acid concentration 
for a commercial lipoxygenase enzyme and a crude extract of L. saccharina are 
presented in Figure 12. The solid trend line was generated from equation (7) using the 
parameters listed in Table 1. The specific lipoxygenase rate of the crude extract was 
lower than that of the commercial enzyme. This is due to the commercial enzyme 
having a higher affinity for the substrate than the L. saccharina crude extract. 
3.1.1.5 EFFECT OF pH ON LIPDXYGENASE ACTIVITY 
The effect of pH on lipoxygenase activity at 35 °C for chloroplasts isolated 
from L. saccharina presented in Figure 13. For comparison, the effect ofpH on 
lipoxygenase activity for a commercially prepared lipoxygenase is also provided in 
Figure 13. The lipoxygenase rate is shown as the percentage of a control lipoxygenase 
rate measured at pH 8.5 for the L. saccharina samples and a control rate measured at 
pH 10.2 for the commercial lipoxygenase enzyme. The lipoxygenase activity of the 
chloroplast rich fraction prepared from L. saccharina shows a sharp optimum between 
pH 8.3 and pH 8.7. This range corresponds to the typical range of L. saccharina 
cultivation, which is between pH 8.0 and pH 8.5. This range also agrees with the 
optimal pH found for lipoxygenase activity in the green fresh water alga Oscillatoria 
sp. (Beneytout et al., 1989). In contrast, the soybean lipoxygenase optimum is broader 
and peaks at pH 10.2. Both pH curves were fitted to a normal distribution given by 31 
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Figure 12 Comparison of specific LPO rate vs linoleic acid concentration profiles for 
a commercial lipoxygenase enzyme and a crude extract of L. saccharin. 
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Figure 13 Comparison of LPO activity vs pH profiles for a commercial lipoxygenase 
enzyme and a crude extract of L. saccharin. 32 
Table 2 Comparison of normal distribution parameters for lipoxygenase activity vs. 
pH profiles of the L. saccharin crude extract and a commercial LPO 
enzyme. 
Parameters  L. saccharina crude extract  Commercial LPO enzyme 
a
2  0.17  5.00 
Pllopt  8.4  10.2 
e0  1692 units/mL  8295 units/mL 
CO3LA  2.60 gmol LA/mL  2.60 gmol LA/mL 
Temperature  35 °C  35 °C 33 
f(PH) = exP [  (-1) (PH Plic.0)2  (14) 2 a 2 
where 02 is the variance and pHopt is the mean. The parameters o2 and pflo are listed 
in Table 2. 
3.1.2 Bromoperoxidase Activity in Ochtodes secundiramea 
3.1.2.1 CONVERSION OF MONOCHLORODIMEDON TO 
MONOCHLOROMONOBROMODIMEDON 
The bromoperoxidase assay for Ochtodes secundiramea is based upon the 
conversion of monochlorodimedone (MCD) to monochloromonobromodimedone 
according to the reaction shown in Figure 14. 
Oil
 
KBr  2H202
 
MCD  MCMBD 
Figure 14 Conversion of monochlorodimedon to monochloromonobromodimedon by 
a bromoperoxidase enzyme. 
The bromoperoxidase enzyme, hydrogen peroxide and Br ion combine to form a 
complex which then adds the bromine atom to the MCD molecule at C-2. The 
resulting loss of the double bond decreases the absorbance at 290 nm, the 
characteristic wavelength of MCD. 34 
3.1.2.2 BROMOPEROXIDASE RATE ESTIMATION FROM 
SPECTROPHOTOMETRIC ASSAY 
The kinetics of the bromoperoxidase assay for 0. secundiramea microplantlet 
tissue crude extracts and a commercially prepared bromoperoxidase enzyme are 
presented in Figures 15 through 18. Figures 15 and 16 are the the absorbance vs. time 
profiles for a commerical bromoperoxidase and a crude extract of 0. secundiramea. 
Also presented in Figures 15 and 16 is the absorbance vs time curve for a blank 
consisting of K2HPO4/Br- buffer, MCD and H202. The absorbance decreased during 
the two minutes of the assay for both the commercial enzyme and the O.secundiramea 
crude extract indicating the conversion of MCD to MCBD by the bromoperoxidase 
enzyme. The absorbance of the buffer blank stayed constant throughout the two 
minute incubation time. Figures 17 and18 show the calculated concentration of the 
three reactants during the course of the bromoperoxidase assay at 35 °C and pH 6.0. 
None of the reactants were completely consumed during the course of the assay for 
either the crude extract or the commercial enzyme. 
3.1.2.3 KINETIC PARAMETERS 
The initial bromoperoxidase rate vs. initial MCD concentration profiles for a 
commercially prepared bromoperoxidase enzyme and a crude extract of 0. 
secundiramea are presented in Figures 19 and 20. The Lineweaver-Burke method was 
used to estimate Repo, the maximum MCD conversion rate at substate saturation, 
from initial rate data provided by the bromoperoxidase assay.  The conversion of 
MCD by bromoperoxidase was assumed to follow saturation kinetics of the form 
`Max, BPO  SAVED 
RO,BP0  KS,BP0 f C0,MCD 
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Figure 15 Bromoperoxidase assay kinetics for a commercial bromoperoxidase enzyme. 
450  30 
1440  25 
430 
(-A 
8 420 
20 
15 
10 
9,410 
-=f) 
400 
0.0  0.5  1.0  1.5 
Incubation Time (min) 
2.0 
Figure 16 Bromoperoxidase assay kinetics for a crude extract of 0. secundiramea 36 
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Figure 17 Concentration of reactants during the bromoperoxidase assay of a 
commercial bromoperoxidase enzyme. 
,50	  -35 
40  -34 E
 
b30  -33 --­
U 
4120  -32 
=  _  . 
MCD  H202  Bromide 
,c)j 10 
-31 u° 
ca 
0  30 
0.0	  0.5  1.0  1.5  2.0 
Incubation Time (min) 
Figure 18 Concentration of reactants during the bromoperoxidase assay of a 
crude extract of 0. secundiramea. 37 
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Figure 19 Initial bromoperoxidase rate vs. initial MCD concentration for a commercial 
bromoperoxidase enzyme. 
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Figure 20 Initial bromoperoxidase rate vs. inverse MCD concentration for a crude 
extract of 0. secundiramea. 38 
or 
1  Ks,  1 BPO  1 
(16) R RO,BP°  max, BPO  CO,MCD  Rmax, BPO 
where Ro, BPO is the initial rate of MCD turnover by the bromoperoxidase enzyme 
(nmol MCD/mL-min), Rina,opo is the maximum rate of MCD turnover by the 
bromoperoxidase enzyme (nmol MCD/mLmin), cmco is the initial MCD 
concentration (tunol/mL) and Kupo is the half saturation constant (nmol/mL). Plots 
of 1/Ro,Bpo vs. 1 /C0 MCD for a commercially prepared bromoperoxidase enzyme and a 
crude extract of 0. secundiramea are presented in Figures 21 and 22. The plots have 
a slope of Ks,Bpo/Rnmaipo and a y-intercept of 1/RmBpo. 
The rate constant for MCD conversion, kBpo (nmol MCD /µg enzmin), is 
related to Ri,,opo by 
kBpo  Rma'BP°  (17) eBm 
where eBpo is the concentration of commercial bromoperoxidase enzyme used in the 
assay (gg/mL). 
All kinetic constants for the commercially prepared bromoperoxidase enzyme 
and the crude extract of 0. secundiramea are presented in Table 3. The half 
saturation constant (Ks,Bp0) for the crude is larger than the half saturation constant of 
the commercial bromoperoxidase indicating the commercial enzyme may have a 
larger affinity for the substrate MCD. 
3.1.2.4 SPECIFIC BROMOPEROXIDASE ENZYME 
CONCENTRATION IN 0. secundiramea CRUDE 
EXTRACT 
The specific bromoperoxidase enzyme concentration (EBpo) in the crude 
extract is 39 
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Table 3 Comparison of kinetic parameters for a crude extract of O. secundiramea 
and a commercial bromoperoxidase. 
Kinetic Parameters  0. secundiramea crude  Commercial bromoperoxidase 
extract  enzyme 
Ks  18.1 ± 1.55 nmol  8.11 ± 0.319 nmol MCD/mL 
MCD/mL 
kBpo  NA  28.2 ± 0.996 nmol MCD/gg 
enzmin 
Temperature  35 °C  35 °C 
pH  6.1  6.1 41 
e V BPO R  Amax,BP0 YR 
(18) XocKE Va  kBpo XD,cpicE Va 
where VR is the reaction volume in the cuvette (mL), and Vt, is the volume of the 
crude extract aliquot added to the cuvette (mL). The volumetric enzyme 
concentration (eBp0) can be back-calculated by using the rate constant obtained from 
the commercial bromoperoxidase enzyme and the R  Bp() obtained from the crude
 
extract. The term XDcwx is the equivalent dry cell density of the crude extract (mg
 
DCW/mL) and is calculated according to the equation
 
X X E  .DCW,S 
XDCW,E  v  (19)
.exprircs 
where XFwx is the fresh weight of the biomass used to make the crude extract, XDcw.s 
is the dry cell density of the sample taken from the reactor and XF  is is the fresh
 
weight of the sample taken from the reactor that was used for the dry cell density
 
measurement.
 
A comparison of the specific bromoperoxidase rate vs. MCD concentration for 
a commercial bromoperoxidase enzyme and a crude extract of 0. secundiramea is 
presented in Figure 23. The specific bromoperoxidase rate for the commercial 
enzyme is slightly higher than that for the crude extract because of the difference in 
Ks ,Bpo, the half saturation constant. The solid trend line was generated from equation 
(15) using the parameters listed in Table 3. 
3.1.2.5. EFFECT OF pH ON BROMOPEROXIDASE 
ACTIVITY 
The effect of pH on the bromoperoxidase activities of a commercially 
prepared bromoperoxidase enzyme and of a crude extract of 0. secundiramea 
microplantlet tissue cultures are presented in Figure 24. The profiles were fitted to a 42 
normal distribution function (equation (14)) and the parameters for each profile are 
listed in Table 4. The commercially prepared bromoperoxidase enzyme and the crude 
extract of 0. secundiramea have similar pH profiles, unlike the lipoxygenase enzyme 
profiles, which had substantially different pH optima. The crude extract 0. 
secundiramea has an optimum at pH 6.1 and the commercial bromoperoxidase 
enzyme has an optimum at pH 6.2. These two pH optima fall within the range of pH 
optima (pH 5.4 to pH 7) found for bromoperoxidase activity in several red algal 
species (Hewson and Hagar, 1980). In the L. saccharina lipoxygenase system, the 
cultivation pH and the pH for optimal enzyme activity fell within the same range. In 
the 0. secundiramea system the cultivation of the culture is typically p1-1 8.0 where the 
crude extract has only 50% of the activity of the optimum at pH 6.1. --
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Figure 23 Comparison of specific BPO rate vs MCD concentration profiles for a 
commercial bromoperoxidase and a crude extract of 0. secundiramea. 
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Figure 24 Comparison of bromoperoxidase activity vs. pH profiles for a commercial 
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Table 4 Comparison of normal distribution parameters for bromoperoxidase activity 
vs. pH profiles of 0. secundiramea crude extract and a commercial 
bromoperoxidase enzyme. 
Parameters  0. secundiramea crude  Commercial bromoperoxidase 
extract  enzyme 
a2  0.50  1.25 
pHopt  6.0  6.2 
eo  0.467 1.tg/mL  0.75 [ig,/mL 
Co,MCD  33.3 nmol MCD /mL  33.3 nmol MCD/mL 
Temperature  35 °C  35 °C 45 
3.2 Enzyme Activity in Bioreactor Culture 
3.2.1 Laminaria saccharina 
L. saccharina cell suspensions were cultivated at 12 °C in an externally 
illuminated stirred tank bioreactor to study the kinetics of growth and specific 
lipoxygenase enzyme concentration. Specifically, the dry cell density, specific 
lipoxygenase enzyme concentration, pH and chlorophyll a concentration were 
measured as a function of cultivation time for two separate bioreactor runs. The 
results are presented in Figures 25 through 28. 
A maximum cell density of 1089 mg DCW/L was achieved on day 47 for 
Stirred Tank Run #1 (Figure 25) and the specific growth rate during the exponential 
phase of growth (day 10 to day 42) was 0.037 ± 0.007 day'. The estimated specific 
lipoxygenase enzyme concentration starts out low (_ 44,240 units/g DCW) and then 
increased sharply during the latter exponential phase to a maximum of 435,760 units/g 
DCW. Once stationary phase was achieved on day 47 the lipoxygenase enzyme 
concentration began to decrease and eventually returned to a lower value of 23,230 
units /g DCW. 
Figure 26 shows the pH and the specific chlorophyll a concentration over the 
cultivation period of Stirred Tank Run #1. The pH stayed constant between pH 8.0 
and pH 8.5, the optimal pH range for lipoxygenase enzyme activity in L. saccharina 
cultures. The specific chlorophyll a concentration was initially high at a value of 7.9 
mg chl a/g DCW and then decreased over the exponential phase (day 10 to day 42) to 
a lower value of 1.7 mg chl a/g DCW. 
In Stirred Tank Run #2 (Figure 26), the biomass reached a maximum cell 
density of 1760 mg DCW/L on day 39. Exponential phase was between day 5 and day 
39 and the specific growth rate was 0.049 ± 0.011 day'. The estimated specific 
lipoxygenase enzyme concentration again started out low at 99,430 units/g DCW and 
then began to increase on day 21, finally achieving a maximum on day 32 of 508,760 46 
600000  -1200 
"500000  -1000 
CZ 
-rt00000  -800  ',IP 
!300000  -600 
U 
0200000  -400 
0
0.100000  -200 
0 0 
0  10 20  30  40  50  60 
Cultivation Time (mm) 
Figure 25 Estimated lipoxygenase enzyme concentration and dry cell density vs time 
for Stirred Tank Run #1. 
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Figure 26 Chlorophyll a concentration and pH vs time for Stirred Tank Run #1. 47 
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Figure 27 Estimated lipoxygenase enzyme concentration and dry cell density vs time 
for Stirred Tank Run #2. 
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Figure 28 Chlorophyll a concentration and pH vs time for Stirred Tank Run #2. 48 
units/g DCW. The enzyme concentration then dropped off at the onset of stationary 
phase on day 39 to a final value of 19,690 units/g DCW. 
Figure 28 shows the pH and the specific chlorophyll a concentration for Stirred 
Tank Run #2. The pH for Run #2 stayed constant between pH 8.0 and pH 8.5. The 
specific chlorophyll a concentration started out at a value of 7.0 mg chl a/g DCW and 
then decreased over the exponential phase (day 5 to day 39) to 2.0 mg chl a/g DCW. 
The specific lipoxygenase enzyme concentration increased significantly during 
the exponential growth phase of the L. saccharina culture. The specific chlorophyll a 
concentration decreased over the exponential growth phase. This, coupled with the 
decrease in specific lipoxygenase enzyme concentration during stationary phase when 
the culture has stopped growing, indicate that the lipoxygenase enzyme is growth 
associated in the L. saccharina gametophyte culture. 
3.2.2 Ochtodes secundiramea 
Ochtodes secundiramea microplantlet cultures were cultivated at 21°C in an 
externally illuminated planar bubble column bioreactor to study the kinetics of growth 
and specific bromoperoxidase enzyme production. The fresh cell density and specific 
bromoperoxidase enzyme concentration were measured as a function of cultivation 
time for two separate bioreactor runs presented in Figures 29 through 32. The pH 
during a cold run of the planar system, with no biomass present, was pH 7.6. 
A maximum fresh cell density of 5.5 g FW/L was acheived on day 65 for 
Planar Run #1 (Figure 29). The specific growth rate during exponential phase (day 10 
through day 60) was 0.033 ± 0.002 day'. The estimated specific bromoperoxidase 
enzyme concentration stayed relatively constant at 22.6 ± 7.99 lig enz/g DCW (1s, 
n=12) throughout the cultivation period (Figure 30). The solid trend line in Figure 30 
is a linear least squares regressions fit with a slope of 0.0761 ± 0.128 µg enzyme /g 
DCW-day (1s, n=12). Application of the Null Hypothesis test to this data proved that 49 
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Figure 29 Fresh cell density vs. cultivation time for Planar Run #1 - 0. secundiramea. 
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Figure 30 Estimated specific bromoperoxidase enzyme concentration vs time for 
Planar Run #1. 50 
8
 
0 
0  10 20 30 40 50 60 70 
Cultivation Time (days) 
Figure 31 Fresh cell density vs. cultivation time for Planar Run #3 - 0. secundiramea. 
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Figure 32 Estimated specific bromoperoxidase enzyme concentration vs time for 
Planar Run #3. 51 
specific bromoperoxidase concentration did not change with time over the course of 
the cultivation period (95% confidence). 
In Planar Run #3, shown in Figures 31 and 32, the fresh cell density maximum 
of 6.6 g FW/L was acheived on day 70 with a specific growth rate of 0.060 ± 0.002 
day'. The thick solid trend line in Figure 32 is a linear least squares regressions fit 
with a slope of 0.0975 ± 0.271 lig enzyme/g DCW-day (1s). The estimated specific 
bromoperoxidase enzyme concentration stayed roughly constant at 28.5 ± 19.0 gg 
enz/g DCW (1s, n=12) throughout the cultivation. Application of the Null Hypothesis 
test to this data proved that specific bromoperoxidase concentration did not change 
with time over the course of the cultivation period (95% confidence). 
In Figure 32, if the second and fourth bromoperoxidase enzyme concentration 
points are taken as outliers, Planar Run #3 may show a trend denoted by the thin solid 
line. The bromoperoxidase enzyme concentration may decreasee during the active 
growth phase of the culture life cycle(day 10 to day 40) and then increase again during 
stationary phase. This trend cannot be seen in Planar Run #1. 
3.3 Enzymatic Reactions in Cell Free Systems 
Kinetics experiments were performed with both the lipoxygenase and 
bromoperoxidase enzymes to follow the time course of substrate consumption and 
product formation. 
3.3.1 Lipoxygenase Enzyme Reaction Products 
Cell free enzyme kinetic experiments were performed using a commerical 
lipoxygenase enzyme and crude extracts of L. saccharina. Substrate and product 
concentrations vs. time were measured and compared to a substrate inhibition model 
prediction. For a well mixed, isothermal, batch reactor at constant volume, the 
material balance on the substrate linoleic acid (LA) is 52 
dCzA  kipo  Cm 
dt 
Ks + CIA + 
CiA2  (20) 
KI 
and the product 13-HODE is 
dC  dCIA 
(21) dt  Yip dt 
where Cp is the concentration of 13-HODE (prnol/mL) and Yuvp is the yield 
coefficient for conversion of linoleic acid to 13-HODE (1 gmol 13-HODE/pmol LA). 
Equations (20) and (21) were numerically integrated with respect to time using VSS 
software to provide the predicted concentration vs. time profiles. The input 
parameters used for the model are provided in Table 5. The enzyme concentration for 
the crude extract of L. saccharina was estimated from rate data shown in Figure 8. 
The enzyme concentration for the commercial enzyme was measured. 
Figure 33 and 34 show gas chromatograms of lipoxygenase reaction products 
for both a commercial lipoxygenase and a crude extract of L. saccharina gametophyte 
cultures. The peak at 4.2 to 4.3 minutes was the substrate, linoleic acid. The peak at 
4.6 to 4.7 minutes was the lipoxygenase product 13 -RODE. 13 -RODE is the only 
product predicted by the model in equations (20) and (21). The peak at 3.7 minutes 
was an unidentified product, called product 2. 
The measured concentration vs. time profile for reaction of linoleic acid with a 
commercially prepared lipoxygenase enzyme is presented in Figure 35. The predicted 
linoleic acid concentration vs. time profile is also presented in Figure 35. The initial 
concentration for both cell free experiments was set to 1.2 gmol/mL. In Run #1, the 
linoleic acid concentration decreases over the first 15 minutes and then levels off to a 
concentration of 0.25 p.mol/mL. In Run #2, the linoleic acid concentration decreases 
for the first 15 minutes and then levels off a value of 0.5 gmol/mL. The predicted 53 
Table 5 Comparison of process parameters used in lipoxygenase cell free enzyme 
kinetic experiments. 
Process Parameters 
Ks
 
K1
 
kLPO 
eLpo 
Co
 
pH
 
Temperature
 
L. saccharina crude extract 
2.75 gmol LA/mL
 
1.42 gmol LA/mL
 
6.21 x 10-5 gmol
 
LA/unitmin
 
173 units/mL
 
0.18 gmol LA/mL
 
8.3
 
21 °C
 
Commercial lipoxygenase
 
enzyme
 
0.311 gmol LA/mL
 
1.02 gmol LA/mL
 
6.21 x 10-5 gmol
 
LA/unitmin
 
1730 units/mL
 
1.2 gmol LA/mL
 
8.3
 
21 °C
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Figure 33 Gas chromatogram of substrate and products for a cell free reaction of 
linoleic acid with a commercial lipoxygenase enzyme. 
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Figure 34 Gas chromatogram of substrate and products for a cell free reaction of 
linoleic acid with a crude extract of L. saccharin. 55 
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Figure 35 Concentration of substrate vs. incubation time for cell free reactions of 
linoleic acid with a commercial lipoxygenase enzyme. 
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Figure 36 Product concentration vs. incubation time for cell free reactions of linoleic 
acid with a commercial lipoxygenase enzyme. 56 
concentration of linoleic acid decreases to zero within the first 40 minutes of the 
reaction. 
In Figure 36, the measured product concentration vs. time profiles for the 
reaction of linoleic acid with a commercially prepared lipoxygenase enzyme are 
shown. The predicted concentration vs. time profile of 13-HODE is presented as well. 
In Run #1, the measured concentration of 13-HODE increases to a maximum of 0.175 
gmol/mL after 45 minutes. The concentration of product 2 increases to a maximum 
value of 0.201 gmol/mL after 45 minutes. In Run #2, both 13-HODE and product 2 
concentrations increase over the first 30 minutes and then level off to 0.05 p.mol/mL. 
The predicted concentration of 13-HODE increases to 1.2 gmol/mL within the first 
30 minutes and then levels off. 
The measured concentration vs. time and the predicted concentration vs. time 
profile for two cell free reactions (Run #3 and Run #4) of linoleic acid with a crude 
extract of L. saccharina are presented in Figure 37. The initial concentration for both 
cell free experiments was set to 0.182 Knol/mL. In Run #3, the linoleic acid 
concentration decreases over 45 minutes and then levels off to a concentration of 0.05 
gmol/mL. In Run #4, the linoleic acid concentration decreases over 30 minutes and 
then levels off a value of 0.05 gmol/mL. The predicted concentration of linoleic acid 
decreases over the entire 60 minute incubation time reaching a final value of 0.137 
mol/mL. 
In Figure 38, the measured product concentration vs. time and the predicted 
concentration of 13-HODE vs. time for a reaction of linoleic acid with a crude extract 
of L. saccharina gametophyte culture are shown. In Run #3, the measured 
concentration of 13-HODE increases from 0.0175 t.tmol/mL to a maximum 
concentration of 0.07 gmol/mL in 30 minutes then slightly decreases to a final value 
of 0.04 gmol/mL. The concentration of product 2 is level at a value of 0.01 mol/mL 
for the first 30 minutes and then increases to a final value of 0.08 mol/mL. In Run 
#4, both 13-HODE and product 2 concentrations increase over the entire incubation 
period to a final concentration of 0.01 gmol/mL. The predicted 13-HODE 57 
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Figure 37 Substrate concentration vs incubation time for cell free reaction of linoleic 
acid with a crude extract of L. saccharin. 
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Figure 38 Product concentration vs incubation time for cell free reaction of linoleic 
acid with a crude extract of L. saccharina. 58 
concentration increases over the entire incubation period to a final value of 0.045 
grnol/mL. 
The same products, 13-HODE and an unidentified product, were formed by 
both the commercial lipoxygenase enzyme and the crude extract of L. saccharina 
during cell free reactions with linoleic acid as the substrate. In the fresh water green 
alga Oscillatoria sp., 13-HODE was found to be a product of cell free lipoxygenase 
reactions with linoleic acid (Beneytout et al., 1989). Not all of the linoleic acid was 
consumed during the reactions with either the commercial enzyme or the crude 
extract. This, coupled with the formation of more than one product during the 
reaction, may explain why the product concentrations of the commercial enzyme 
never reached the product concentration predicted by the model. 
3.3.2 Bromoperoxidase Enzyme Reaction Products 
Cell free enzyme kinetic experiments were performed using a commercial 
bromoperoxidase enzyme and crude extracts of 0. secundiramea. Substrate and 
product concentrations were measured and compared to saturation kinetic model 
predictions. A material balance on the substrate in a well mixed, isothermal batch 
reactor at constant volume is 
dCD  k,  eflP0 CAD 
(22) dt  Ks + CmcD 
and the material balance for the formation of only one product is 
dCp  dCmcD 
(23) dt  MCDIP dt 
Equations (22) and (23) were numerically integrated with respect to time to provide 
predicted concentration vs. time curves. The kinetic parameters used in this model 
are presented in Table 6. The enzyme concentration for the crude extract was 59 
Table 6 Comparison of process parameters for bromoperoxidase cell free kinetic 
experiments. 
Process Parameters  0. secundiramea  Commercial 
bromoperoxidase enzyme 
Ks  18.1 nmol MCD/mL  8.11 nmol MCD/mL 
kBpo  28.2 nmol MCD/gg  28.2 nmol MCD/gg enzmin 
enzmin 
egpo  0.0013 gg/mL  0.10 gg/mL 
Co  62.5 nmol MCD/mL  500 nmol MCD/mL 
pH  6.1  6.1 
Temperature  21 °C  21 °C 60 
was assumed to be the same as the average enzyme concentration in Planar Run #1. 
the enzyme concentration for the commercial enzyme was measured. 
Figures 39 and 40 show gas chromatograms of bromoperoxidase reaction 
products for both a commercially prepared bromoperoxidase enzyme and a crude 
extract of 0. secundiramea. The peak at 1.1 to 1.2 minutes was the substrate, MCD. 
The peak at 2.1 to 2.3 minutes was an unidentified product called product 1, and the 
peak at 2.7 to 2.8 minutes was an unidentified product, called product 2. 
The measured MCD concentration vs. incubation time profile, along with the 
predicted MCD concentration vs. time, for the reaction of MCD with a commercial 
bromoperoxidase enzyme is presented in Figure 41. The initial concentration for cell 
free experiments #5 and #6 was 500 nmol MCD/mL. In Run #5, the MCD 
concentration decreased over the whole 40 minute incubation time to a final value of 
9 nmol/mL. In Run #6, the MCD concentration decreased over the first 20 minutes 
and then leveled off at a value of 140 nmol/mL. The predicted concentration of MCD 
went to zero by the end of the reaction. The initial concentration of Run #6 was 
measured to be only 266 nmol/mL which is considerably less than the calculated 
initial concentration of 500 nmol/mL. 
In Figure 42, the measured product concentration vs. time and the predicted 
concentration vs. time profiles for the reaction of MCD with a commercial 
bromoperoxidase enzyme are shown.  In Run #5, the measured concentration of 
product 1 increased during the first 30 minutes and then leveled off to a value of 240 
nmol MCD/mL. In Run #6, the concentration of product 1 increased over the first 20 
minutes and then leveled off at a concentration of 140 nmol MCD/mL. The predicted 
product concentration reached the maximum of 500 nmol/mL within the 40 minutes 
of the reaction. 
The measured MCD concentration vs. time and the predicted MCD 
concentration vs. time profiles for the reaction of MCD with a crude extract of 0. 
secundiramea are presented in Figure 43. The initial concentration of both cell free 
experiments was set to 50.3 nmol MCD/mL. In Run #7, the MCD concentration 61 
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Figure 39 Gas chromatogram of substrate and products for a cell free reaction of 
MCD with a commercial bromoperoxidase enzyme. 
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Figure 40 Gas chromatogram of substrate and products for cell free reaction of 
MCD with crude extract of 0. secundiramea. 62 
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Figure 41 Substrate concentration vs incubation time for cell free reaction of MCD 
with a commercial bromoperoxidase enzyme. 
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Figure 42 Product concentration vs incubation time for cell free reaction of MCD 
with a commercial bromoperoxidase enzyme. 63 
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Figure 43 Substrate concentration vs incubation time for cell free reaction of MCD 
with a crude extract of O.secundiramea. 
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Figure 44 Product concentration vs incubation time for cell free reaction of MCD 
with a crude extract of 0. secundiramea. 64 
decreased over the first 15 minutes and then leveled off to a value of 7 nmol/mL. In 
Run #8, the MCD concentration decreased steadily over the entire 60 minute reaction 
period finally reaching a value of 31 nmol/mL. The predicted concentration of MCD 
decreased over the entire 60 minute reaction time to a final value of 46.5 nmol/mL. 
Figure 44 shows the measured product concentration vs time and the predicted 
product concentraion vs. time profiles for the reaction of MCD with a crude extract of 
0. secundiramea. In Run #7, both product 1 and product 2 increased over the first 15 
minutes to a maximum of 21.8 nmol/mL and 16.1 nmol/mL respectively and then 
decreased to zero by the end of the run. In Run #8, product 1 increased to a maximum 
value of 29.9 nmol/mL within the first 45 minutes and then decreased during the last 
15 minutes of the run. Product 2 increased over the last 30 minutes of the run to a 
final value of 36.5 nmol/mL. The predicted concentration increased over the entire 60 
minute reaction period reaching a final value of 15.9 nmol/mL. 
The same products were formed by both the commercial bromoperoxidase 
enzyme and the crude extract of 0.secundiramea during cell free reactions. Shang et 
al. (1994), found that a crude extract of the red algae Corallina vancouveriensis also 
produced the same products (phenol derivatives) as a purified bromoperoxidase 
enzyme duing cell free exeriments when phenol was used as the substrate. As with 
the lipoxygenase cell free reactions, the formation of more than one product during 
the reaction explains why the product concentrations of the cell free reactions using 
the commercial bromoperoxidase enzyme never reached the product concentration 
predicted by the model. 65 
4. SUMMARY AND CONCLUSIONS 
Lipoxygenase (LPO) enzyme activity was found in chloroplast extracts of L. 
saccharina female gametophyte cell cultures. The pH optimum of the commercially 
prepared lipoxygenase enzyme was pH 10.2 whereas the pH optimum of the L. 
saccharina crude extract was a range between pH 8.3 and pH 8.7. Reactions with 
linoleic acid and the crude extract of L. saccharina formed the hydroxy fatty acid 13­
HODE and an one additional unidentified product. These were the same products as 
those formed by a commercially prepared lipoxygenase enzyme. 
The lipoxygenase enzyme was inhibited by the substrate linoleic acid. The 
initial lipoxygenase enzyme rate followed substrate inhibition kinetics with the rate 
constant kuo = 6.21 x HYs gmol LA/unitmin. The equilibrium constants for the 
commercially prepared lipoxygenase enzyme were Ks,Lpo = 0.311 gmol LA/mL, and 
KI,LPO  1.02 gmol LA/mL and for the L. saccharina crude extract were KsJ.20 = 2.75 
gmol LA/mL and KILO = 1.42 gmol LA/mL at the temperature and pH of the assay, 
which was 35°C and pH 8.3. 
Bromoperoxidase (BPO) enzyme activity was found in crude extracts of 0. 
secundiramea microplantlet cultures. The bromoperoxidase activity vs. pH profile 
was very similar to a commercially prepared bromoperoxidase enzyme. The pH 
optimum was pH 6.1 for the 0. secundiramea crude extract. For the commercially 
prepared bromoperoxidase enzyme the pH optimum was pH 6.2. Reactions of 
monochlorodimedon (MCD) with the crude extract of 0. secundiramea formed the 
same products as those formed by a commercially prepared bromoperoxidase enzyme. 
The bromoperoxidase enzyme was not inhibited by the substrate 
monochlorodimedon. The initial bromoperoxidase enzyme rate followed Michaleis-
Menton saturation kinetics with the rate constant kBpo = 28.2 nmol MCD /µg 
enzymemin. The equilibrium constant for the commercially prepared 
bromoperoxidase enzyme was Ks,BPO = 8.11 nmol/mL and for the O. secundiramea 66 
crude extract was Ks jpo = 18.1 nmol/mL at 35°C and pH 6.1, the temperature and pH 
of the assay. 
The lipoxygenase enzyme is growth associated in the L. saccharina 
gametophyte cell cultures. The specific lipoxygenase concentration significantly 
increased during the exponential phase of bioreactor cultivation of L. saccharina 
cultures. The specific bromoperoxidase enzyme concentration was constant in 
bioreactor cultivation of 0. secundiramea and is therefore not associated with any 
phase of the 0. secundiramea microplantlet culture lifecycle. 
In conclusion, lipoxygenase enzyme activity is present in female gametophyte 
cell cultures of L. saccharina and bromoperoxidase enzyme activity is present in 
microplantlet cultures of 0. secundiramea. Crude extracts of these cultures are 
capable of forming products in cell free reactions with the substrates linoleic acid and 
moneehlorodimedon. 
Future work could include studies to further characterize and purify the 
lipoxygenase enyzme in the crude extract of L. saccharina. These studies could also 
include the measurement of enzyme activity after heat denaturization or incubation 
with a lipoxygenase inhibitor. Elicitation of the lipoxygenase or bromoperoxidase 
enzyme production with exogenous elicitors during cultivation of the L. saccharina 
and 0. secundiramea cultures should also be considered. Cell free reactions using the 
crude extracts of L. saccharina and 0. secundiramea with other organic substrates, 
such as those that are precursors to natural products made by the cultures, would be a 
logical next step as well. 67 
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APPENDIX A
 
SPREADSHEETS
 Run Identification  Enzyme System  Process Parameters 
Run #:  Lipoxygenase Activity 1  Source:  Commercial Lipoxygenase  Temperature of Assay:  36 C 
Sigma, Lot # 118F03422  pH of assay  8.3 
0.144 units/mL  Reaction volume:  3 mL 
Date:  9-24-98  Substrate:  Linoleic Acid  Buffer:  1 M Sorbitol 
Conc. of  Conc. of  Slope of  Volumetric  Specc  Ave. Vol.  Specific  Vol. LPO  Spec. LPO  1/Co  1/Ro 
LA in  LPO enz.  Absorbance  LPO Rate  LPO Rate  LPO Rate  LPO Rate  Rate +/- la  Rate +/- ls  for LA  (mL-min/ 
Guyette  (units/mL)  Curve  (umol LN  (mol LN  (umol LA/  (umol LA/  (umol LN  (umol LA/  (mU  umol LA)  Regression Analysis: 1/Ro vs 1/Co 
(umol/mL)  (AU/min)  mL -min)  unit -min)  mL-min)  unit-min)  mL-min)  unit-min)  umol LA)  Constant  11.29 
1.28  51980  0.975  0.039  2.25E-05  0.036  2.05E-05  0.0018  1.32E-06  0.78  28.1  Std Err of Y Est  0.289 
51980  0.842  0.034  1.94E-05  R Squared  1.000 
51980  0.871  0.035  2.01E-05  No. of Observations  3 
51980  0.869  0.035  2.01E-05  Degrees of Freedom  1 
51980  0.892  0.036  2.06E-05 
1.02  51980  1.367  0.055  3.16E-05  0.051  3.01E-05  0.0031  1.87E-06  0.98  19.5  X Coefficient(s)  3.51 
51980  1.388  0.056  3.20E-05  Std Err of Coef.  0.053 
51980  1.207  0.048  2.79E-05 
51980  1.320  0.053  3.05E-05 
51980  1.238  0.050  2.86E-05  Non-Linear Regression Analysis: Ro vs. Cc 
51980  1.191  0.048  2.75E-05 
0.788  51980  1.452  0.058  3.35E-05  0.058  3.32E-05  0.0011  7.06E-07  1.30  17.2  Res. Sum of Squares  9.27E -04 
51980  1.499  0.060  3.46E-05  Std. Err. of Y Est.  0.00658 
51980  1.425  0.057  3.29E-05  R Squared  0.81 
51980  1.454  0.058  3.36E-05  No. of Observations  6 
0.512  51980  1.480  0.059  3.42E-05  0.057  3.33E-05  0.0016  7.19E-07  1.96  17.6  Degrees of Freedom  4 
51980  1.448  0.058  3.34E -06  KI  1.02 
51980  1.404  0.056  3.24E-05  Std. Err. of IG  0.41 
51980  1,385  0.055  3.20E-05  k  8.87 
51980  1.374  0.055  3.17E-05  Std Err. of k  0.94 
0.256  51980  1.014  0.041  2.34E-05  0.041  2.48E-05  0.0025  1.82E-06  3.91  24.3 
51980  0.942  0.038  2.17E-05 
51980  1.133  0.045  2.62E-05 
51980  1.048  0.042  2.42E-05 
51980  0.999  0.040  2.31E-05 
0.102  51980  0.520  0.021  1.20E-05  0.023  1.32E-05  0.0021  1.20E-06  9.80  43.7 
51980 
51980  0.624  0.025  1.44E-05 Run Identification  Enzyme System  Process Parameters 
Run #:  Lipoxygenase Activity #2  Source:  Crude Extract  Temperature of Assay:  35 C 
Culture:  Larninade saccharins  pH of assay  8.3 
Date:  2-1-99  Flasks Used:  LS-D-42(A)-7  Reaction volume:  3 mL 
Age of Inoculum:  25 Days  Buffer:  1 M Sorbitol Grinding Medium 
Substrate:  Linoleic acid 
Conc. of  Conc. of  Slope of  Volumetric  Specific  Ave. Vol.  Ave. Spec.  Vol. LPO  Spec. LPO  1/Co  1/Ro 
LA in  Enzyme  Corrected  LPO Rate  LPO Rate  LPO Rate  LPO Rate  Rate +/- is  Rate +1 -1s  for LA  (mL-min/ 
Guyette  (units/mL)  Abs. Curve  (umol LA/  (umol LA/  (umol LA/  (umol LA/  (nmol LA/  (umol LA/  (mU  umol LA)  Regression Analysis: 1/Ro vs. 1/Co 
(umoVmL)  (AU /min)  mL-min)  unit -min)  mL-min)  mg enz-min"  mL-min)  mg enz-min`  umol LA) 
0.273  172  0.023  0.0009  5.28E-06  0.0009  5.22E-06  9.18E-05  5.33E-07  3.66  1114  Constant  93.6 
0.020  0.0008  4.53E-06  Std Err of Y Est  173 
0.025  0.0010  5.84E-06  R Squared  0.856 
0.547  172  0.070  0.0028  1.63E-05  0.0028  1.63E-05  1.05E-05  6.10E-08  1.83  357  No. of Observations  4 
0.070  0.0028  1.62E-05  Degrees of Freedom  2 
0.070  0.0028  1.63E-05 
0.820  172  0.075  0.0030  1.75E-05  0.0020  1.15E-05  7.64E-04  4.44E-06  1.22  505  X Coefficient(s)  257 
0.044  0.0018  1.02E-05  Std Err of Coef.  74.5 
0.029  0.0012  6.84E-06 
1.09  172  0.073  0.0029  1.69E-05  0.0028  1.64E-05  2.85E-04  1.66E-06  0.917  354 
0.078  0.0031  1.82E-05  Non-Linear Regression Analysis: Ro vs. Cc 
0.061  0.0024  1.42E-05 
1.37  172  0.076  0.0030  1.77E-05  0.0026  1.54E-05  2.84E-04  1.65E-06  0.730  378  Res. Sum of Squares  1.46E-07 
0.062  0.0025  1.43E-05  Std. Err. of Y Est.  0.000191 
0.061  0.0024  1.41E-05  R Squared  0.95 
1.64  172  0.078  0.0031  1.80E-05  0.0029  1.67E-05  2.65E-04  1.54E-06  0.610  348  No. of Observations  5 
0.063  0.0025  1.46E-05  Degrees of Freedom  4 
0.075  0.0030  1.75E-05  Ki  1.42 
Std. Err. of Ki  0.54 i., co
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IjiP  -Tr­ 4 °a Run Identification  Enzyme System  Process Parameters 
Run #:  Bromoperoxidase Activity #1 Source:  Commercial Bromoperoxidase  Temperature of Assay:  35 C 
Sigma, Lot # 105H38993  pH of assay  6.0 
0.417 ug/mL in cuvette  Reaction volume:  3 mL 
Date:  4-28-98  Buffer:  0.05 M Potassium Phoshate (monobasic) 
Substrate:  MCD 
Init. MCD  Vol. BPO  Spec. BPO  Ave. Vol.  Ave. Spec.  Vol. BPO  Spec. BPO  1/Co  1ffito 
Conc.  Rate  Rate  BPO Rate  BPO Rate  Rate +/- 1s  Rate +/- 1s 
(nmol/ml.)  (nmol MCD!  (nmol MCD/  (nmol MCD/  (nmol MCD/  (nmol MCD!  (nmol MCD/  (mUnmol)  (mL-min/ 
mL -min)  ug enz.-min)  mL-min)  ug enz-min)  mL-min)  mL -min)  nmol)  Regression Analysis: 1/Ro vs. 1/Co 
3.3  3.34  8.01  3.40  8.14  0.178  0.428  0.303  0.294 
327  7.84  Constant  0.085 
3.31  7.94  Std Err of Y Est  0.003 
3.31  7.94  R Squared  0.999 
3.75  8.99  No. of Observations  5 
10  6.50  15.59  8.39  15.33  0123  0.295  0.100  0.158  Degrees of Freedom  3 
6.55  15.71 
8.37  15.28  X Coefficient(s)  0.69 
6.20  14.87  Std Err of Coef.  0.012 
6.35  15.23 
18.7  7.83  18.78  8.15  19.55  0.522  1.253  0.060  0.123 
7.57  18.15 
7.97  19.11 
9.08  21.77 
8.32  19.95 
28.7  9.71  23.29  9.08  21.77  0.479  1.150  0.037  0.110 
9.30  22.30 
9.15  21.94 
8.25  19.78 
8.98  21.53 
33.3  9.04  21.68  9.28  22.24  0.235  0.564  0.030  0.108 
9.51  22.81 
9.81  23.53 
9.30  22.30 
9.17  21.99 
46.7  9.68  23.21  9.78  23.39  0.075  0.180  0.021  0.103 
9.83  23.57 
9.29  2228 
9.49  22.78 
8.38  20.10 ---
Run Identification 
Run #:	  Bromoperoxidase Activity #2 
Date:	  4-28-98 
Init. MCD  Vol. BPO  Spec. BPO  Ave. of 
Conc.  Rate  Rate  Vol. Rate 
(nmol MCD/  (nmol MCD/ (nmol MCD/ 
(nmoUmL)  mL-min)  ug enz-min)  mL-min) 
8.3  - - 0.490 
0.639  11.534 
0.340	  6.137 
16.7  0.697  12.581  0.779 
0.748  13.502  _ ­
0.891  16.083 
25  0.891  16.083  0.878 
0.818  14.765 
0.928  16.715 
33.3  1.010  18.231  1.015  _ 
1.020  18.412 
Enzyme System 
Source:	  Crude Extract 
Ochtodes secundremee 
PL1-10 
54 days 
0.0554 ug/mL in cuvette 
Substrate:	  MCD 
Ave. of  Vol. BPO  Spec. BPO 
Spec. Rate  Rate +1 -1s  Rate +/- 1s 
(nmol MCD!  (nmol MCD!  (nmol MCD/ 
ug enz-min)  mL-min)  ug enz-min) 
8.84  0.150  2.70 
14.06	  0.082  1.48 
15.85	  0.045  0.81 
18.32	  0.005  0.09 
1/Co 
(mUnmol) 
0.120 
0.080 
0.040 
0.030 
Process Parameters 
Temperature of Assay:
 
pH of assay
 
Reaction volume:
 
Buffer
 
1/Ro 
(mL-min/
 
nmol)
 
2.043 
1.284 
1.139 
0.985 
35 C 
6.0 
3 mL 
0.05 M Potassium Phoshate (monobasic) 
Regression Analysis: 
Constant  0.640 
Std Err of Y Est  0.043 
R Squared  0.994 
No. of Observations  4 
Degrees of Freedom  2 
X Coefficient(s)  11.55 
Std Err of Coef.  0.613 .
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 Run identification  Culture Loading  Process Parameters 
Bioreactor Run #:  1  Culture.  Laminaria saccharine  Total Air Flaw:  1150 mi./min 
Bioreactor Description:  Applikon 3 L  Inoculum Flasks:  DS-D-29(A)-5,8,9,10,11 (9-25-96)  Setpoint Temperature:  13 C 
Stirred Tank  Inoculum Cell Density:  3164 mg DCW/L  Impeller Speed:  250 rpm 
Time Started:  230 pm  Inoculum Volume:  100 mL  Illuminator lo:  77 uE/m2-s 
Date Started:  12-13-96  GP2 Medium Volume:  2L  Photoperiod:  16 hr ON/8 hr OFF 
Total Culture Volume:  2100 mL 
Initial Cell Density:  150.7 mg/L 
Sample Identification  Dry Cell Density  Fresh Cell Density  Process 
Date  Rung  Day:hr:min  Cultivation  Sample  AU (152  Wt. Dried  Wt. Dried  Wt.  Dry Cell  Ave Di),  Vial  Vial + Cells  Cells  Volume  Fresh Cell  pH  Vt 
Sample #  Time  Volume  665 nm  FP  FP+Celts  Cells  Density  Cell Dens.  (g)  (g)  (g)  (mL)  Density  (mL) 
Trial #  (day)  (mL)  (9)  (9)  (g)  (mg DCW/  (mg DCW/  (g FW/mL) 
mL)  mL) 
12-14-96  1-01-01  1:1455  1.01  29.0  0.0995  0.1290  0.0295  706  488  8.43  2046 
1-01-02  25.0  0.0986  a 1143  0.0157  270 
12-18-96  1-02-01  5:15.40  5.04  17.7  0.0886  0.1001  0.0115  196  147  8.28  1978 
1-02-02  20.0  0.0887  0.0987  0 0100  98 
12-23-96  1-03-01  10:13.00  9.94  14.8  0.141  0.0906  0.1049  0.0143  411  291  8.27  8.33  0.06  29.2  0.00205  8.42  1893 
1-03-02  17.0  0.1003  0.1123  0.0120  171 
12-27-96  1-04-01  14:12:15  13.9  20.0  0.178  0.0997  0.1143  0.0146  278  357  8.11  8.24  0.13  30.0  0.00433  8.55  1797 
1-04-02  23.3  0.1006  0.1199  0.0193  437 
1-4-97  1-05-01  22:15:50  22.1  26.4  0.125  0.1000  0.1229  0.0229  524  410  8.51  8.64  0.13  28.7  0.00453  8.37  1700 
1-05-02  20.0  alum  0.1150  0.0150  296 
1-9-97  1-06-01  27:12:40  26.9  23.5  0.186  0.1010  0.1220  0.0210  504  598  8.47  8.61  0.14  23.5  0.00596  8.27  1599 
1-06-02  20.0  0.0986  0.1214  0.0228  693 
1-14-97  1-07-01  32:11:35  31.9  192  0.117  0.0739  0.0895  0.0156  463  420  8.25  8.41  0.16  27.2  0.00588  8.26  1510 
1-07.02  20.0  0.0701  0.0840  0.0139  377 
1-19-97  1-08-01  37:14:25  37.0  16.5  0.172  0.0749  0.0993  0.0244  1067  969  8.33  8.46  0.13  23.7  0.00549  8.30  1426 
1-08-02  20.0  0.0749  0.0991  0.0242  870 
1-24-97  1-09-01  4210.45  41 8  20.0  0.109  0.0745  0.1020  0.0275  1037  1001  8.39  8.58  0.19  21.4  0.00888  8.17  1324 
1-09-02  19.5  0.0749  0.1005  0.0256  964 
1-29-97  1-10-01  47:11:40  46.9  12.7  0.187  0.0819  0.1052  0.0233  1250  1090  8.39  8.48  0.09  181  0.00497  8.28  1256 
1-10-02  20.0  0.0806  0.1065  0.0259  929 
2-4-97  1-11-01  53:11:00  52.8  23.5  0.088  0.0805  0.1146  0.0341  11-40  893  8.55  8.62  0.07  16.8  0.00417  8.05  1174 
1-11-02  20.0  0.0804  0.1006  0.0202  645 
1-11-03  20.0  0.0802  0.1210  0.0408  1676  1429  8.56  12.79  423  525.0  0.00806 
1-11-04  20.0  0.0811_  0.1121  0.0310  1182 Run Identification  Enzyme System  Process Parameters 
Bioreactor Run #:  1  Culture:  Laminaria saccharina  Temperature of Assay:  35 C 
Bioreactor Description:  Applilcon 3 L  Inoculum Flasks:  DS-D-29(A)-5,8,9,10,11  pH of assay  & 3 
Stirred Tank  Reaction volume:  3 mL 
Time Started:  2:30 pm  Substrate.  Linoleic acid  Buffer  1 M Sorbitol Grinding Medium 
Date Started  12.13-96 
Date  Sample  Volume of  Volume  AU (g  AU C#  Conc of  DCW  Chl a conc.  DCW of  LPO Rate  LPO Rate  Conc. of  Rmax  Rmax  Enzyme  Spec. Enz.  Enz. Corm. 
of  ID  Crude  added to  665 ram  665 nm  chla in  of  of crude  crude  (umol LA/  +/As  LA in  (umol LA/  +/- 1s  Conc.  Conc.  +/- is 
Sample  (mL)  Colette  of sample  0f crude  sample  sample  (mg/L)  (g DCW/mL  minmL)  (umol LA/  cuvette  minmL)  (umol LA/  (units/  (units/  (units/ 
(mL)  (AU)  (AU)  (mg/L)  (mg/L)  min`mL)  (umol/mL)  min*mL)  mL)  g DCW)  a DCW) 
12-18-97  1-02  0.05  147  0  0  0  0  0  0 
12-23-96  1-03  3.6  0.05  0.141  0.231  2.30  291  7.53  0.00395  0.00275  0.00142  118  0.0113  a 83E-03  1.82E+02  5.29E+04  27539 30 
12 -27 -96  1-04  43  0.05  0.178  a 105  2.90  357  142  000042  a 00018  0.00012  3.18  a C007  5.01E-04  1.20E+01  663E+03  4465.87 
1-4-97  1-05  2.8  0.05  a 125  a 276  2.04  410  8.99  0.00181  0.00106  0.00058  3.18  0.0043  2.38E-03  7.03E+01  1.38E+04  7590.91 
1-9-97  1-06  3.3  0.05  0.186  0246  atm  598  8.01  0.03158  awns  0.00313  118  0.0293  1.28E-02  472E+02  9.05E+04  4001675 
1-14-97  1-07  2.5  0.05  a117  0232  1.91  420  5.04  acoili  0.01830  000515  3.18  0.0751  2.11E-02  1.21E+03  4.35E+05  125560.06 
1-19-97  1-08  2.4  0.05  0.172  a 220  2.80  969  7.17  a 00248  0.00057  0.00019  3.18  a 0023  7.75E-04  3.75E+01  6 31E+03  2135.67 
1-24-97  1-09  4.2  0.05  a 109  0.021  1.78  1001  068  0.00339  0.00515  0.00049  3.18  0.0211  2.03E-03  3.40E+02  2.10E+05  2406690 
2-4-97  1-11  3.7  0.05  0 088  0.092  1.43  893  3.00  0.00187  0.00243  0.00193  3.18  0.0100  7.92E-03  1.61E+02  2.32E+04  18512 87 P
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 Run Identification  Culture Loading  Process Parameters 
Bioreector Run 
Bloreactor Description 
Time Started. 
Date Started 
2 
Appllkon 3 L 
Stirred Tank 
12:10 pm 
2-7-97 
Culture 
Inoculum Flasks. 
Inoculum Cell Density: 
Inoculum Volume: 
GP2 Medium Volume: 
Total Culture Volume: 
Lamlnana saccharin 
LS-32-4,6,7,8 (1.10-97) 
2800 mg DCW/L 
100 mL 
2L 
2100 mL 
Total Air Flow 
Setpolnt Temperature: 
Impeller Speed: 
Illuminator lo: 
Photoperiod: 
1150 mt./min 
13 C 
250 rpm 
77 uE/m-s 
16 hr ON/8 hr OFF 
Initial Cell Density:  133.3 mg/L 
Sample Identification 
Date  Run# 
Sample # 
Trial # 
Day:hr:min  Cultivation 
Time 
(day) 
Cell Density 
Sample 
Volume 
(mL) 
AU fa 
665 nm 
Wt. Dried 
FP 
(9) 
Wt. Dried 
FP+Cells 
(a) 
Wt. 
Cells 
(g) 
Fresh Weight 
Dry Cell 
Density 
(mg DCW/ 
Ave. Dry 
Cell Density 
(mg DCW/ 
Vial 
(9) 
Vial + Cells 
(g) 
Cells 
(C) 
Volume 
(mL) 
Fresh Cell 
Density 
(g FW/mL) 
Process 
pH  Vt 
(mL) 
2-7-97  2-01-01 
2-01-02 
0:1:00  0.042  20.0 
21.5 
0.0805 
0.0809 
0.0890 
0.0900 
0.0085 
0.0091 
L) 
59.9 
82.0 
L) 
71.0  8.51  8.52  0.01  42.5  0.000235  8.43  2016 
2-12-97  2-02-01 
2-02-02 
5:10:50  495  221 
20 0 
0.107  0.0804 
0.0801 
0.0938 
0.0919 
0.0134 
0 0116 
270 
227 
248  8.45  8.48  0.03  27.2  0.00110  8.31  1916 
2-17-97  2-03-01 
2-03-02 
10:12:00  10.0  15.0 
20.0 
0.182  0.0800 
0.0820 
0.0953 
0.1096 
a 0153 
0.0276. 
536 
1008 
772  8.55  8.60  0.05  18.2  0.00275  8.35  1839 
2-21-97  2-04-01 
2-04-02 
15:10:35  149  20.0 
17.5 
0.248  0.0815 
0.0808 
0.1092 
0.1026 
0.0277 
00218 
1015 
827 
921  8.55  8.63  0.08  21.6  0.00370  8.32  1757 
2-27-97  2-05-01 
2-05-02 
21:12:30  21.0  18.5 
20.0 
0.207  0.0823 
0.0817 
0.1090 
0.1112 
0.0267 
0.0295 
1040 
1104 
1072  8.51  8.67  0.16  19.8  0.00808  8.23  1677 
3-3-97  2-06-01 
2-06-02 
25:1100  24.9  21.0 
20.0 
0.245  0.0821 
0.0799 
0.1201 
0.1136 
0.0380 
0.0336 
1455 
1318 
1386  8.40  8.53  0.13  21.2  0.00613  8.27  1580 
3-10-97  2-07-01 
2-07-02 
32 11 05  31.9  18 6 
20.0 
0.287  0 0807 
0.0807 
0.1146 
0.1239 
0.0339 
0.0432 
1429 
179-4 
1612  8.48  8.63  0.15  23.0  0.00652  8.27  1496 
3-17-97  2-08-01 
2-08-02 
39:10:20  38.9  22.3 
20.0 
0.310  0.0825 
0.0780 
0.1301 
0.1195 
0.0476 
0.0415 
1799 
1721 
1760  8.6  8.70  a 1  19.8  0.00505  8.25  1410 
3-24-97  2-09-01 
2-09-02 
46:10:40  45.9  22.8 
20.0 
0.208  0.0783 
0.0815 
0.1272 
0.1193 
0.0489 
0.0378 
1833 
1520 
1677  8.48  8.66  0.18  20.4  0.00882  8.22  1306 
3-31-97  2-10-01 
2-10-02 
53:11:40  53.0  13.1 
20.0 
0.253  0.0784 
0.0799 
0.1122 
0.1289 
0.0338 
0.0490 
2037 
2088 
2062  8.28  1256 
4-4-97  2-11-01 
2-11-02 
57.9:35  56.9  20.0 
15.4 
0.238  0.0803 
0.0838 
0.1283 
0.1063 
0.0480 
0.0225 
2036 
967 
1502  8.68  8.82  0.14  23.6  0.00593  8.37  1175 
4-10-97  2-12-01 
2-12-02 
63:10:45  62.9  20.0 
21.2 
a 258  0.0836 
0.0835 
0.1210 
0.1457 
0.0374 
0.0622 
1491 
2577 
2034  8.63  8.76  0.13  16.6  0.00783  8.29  1095 
2-12-03 
2-12-04 
8.53  14.51  5.98  752.0  0.00795 Run Identification  Enzyme System  Process Parameters 
Bioreactor Run ff.  2  Culture:  Laminsuta saccharine  Temperature of Assay:  35 C 
Bioreactor Description:  Applilmn 3 L  Inoculum Flasks:  LS-32-4,6,7,8 (1-10-97)  pH of assay  8.3 
Stirred Tank  Substrate:  Linoleic acid  Reaction volume:  3 mL 
Time Started:  12:10 pm  Buffer:  1 M Sorbitol Grinding Medium 
Date Started.  2-7-97 
Date  Sample  Volume of  Volume  AU 0  AU 11;  Conc of  DCW  Chl a conc.  DCW of  LPO Rate  Vol. LPO  Conc. of  Rmax  Rrnax  Enzyme  Spec. Enz.  Spec. Enz. 
ID  Crude  added to  665 nm  665 nm  chla in  of  of crude  crude  (umol LA/  Rate +/- 1s  LA in  (umol LA/  +/- 1s  Conc.  Conc.  Conc. +/- 1s 
(mL)  Cuvette  of sample  of crude  sample  sample  (mg/L)  (g DCW/mL  minmL)  (umol LA/  cuvette  min'mL)  (umol LA/  (units/  (units/  (units/ 
(mL)  (AU)  (AU)  (mg/L)  (mg/L)  minmL)  (umol/mL)  minmL)  mL)  g DCW)  g DCW) 
2-12-97  2-02  2.5  0.05  0.107  0.087  1.74  248  283  0.00040  a 00164  0.00063  2.19  0.00623  0.00237  1.00E+02  0.95E+04  3.84E+04 
2-17-97  2-03  3.1  005  0.182  0.146  2.96  772  4.76  0.00124  0.0153  0.00236  2.19  0.0581  0.0090  9.36E+02  2.44E+05  4.06E+04 
2-21-97  2-04  3.4  0.05  0.248  0.166  4.04  921  5.41  0.00123  0.00370  0.00236  2.19  0.0141  0.0090  2.26E+02  5.40E+04  3.46E+04 
2-28-97  2-05  6.1  006  0.207  0.110  3 37  1072  158  0.00114  0.01860  0.00193  2.19  0.0706  0.0073  1.14E403  1.64E+05  1.98E+04 
3-3-97  2-06  4.5  0.05  0.245  0.035  199  1386  1.14  0.00040  0.00991  0.00855  2.19  0.0376  0.0249  6.06E+02  3.40E+05  2.26E+05 
3-10-97  2-07  3.4  0.05  0.287  0041  468  1612  1.34  0.00048  0.0131  0.00107  2.19  0.0498  0.0041  8.01E+02  5.12E+05  5.27E+04 
3-17-97  2-08  4.0  0.05  0.310  0.131  5.05  1760  427  0.00149  0.00568  a 00258  219  0.0216  0.0090  147E+02  584E+04  2.68E+04 
3-2497  2-09  3.2  0.05  0.208  0.071  3.39  1677  2.31  0.00114  0.01400  a 01220  219  0.0532  0.0463  8.56E+02  2.34E+05  2.04E+05 
4-5-97  2-11  3.5  0.05  0.238  0.126  3.88  1502  4.11  0.00159  0.00179  0.00011  2.19  0.0068  0.0004  1.09E+02  1.97E+04  1.74E+03 llig
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E 0	  w 0 0 0 N	 V gEt Run Identification  Enzyme System  Process Parameters 
Bk./sector Run X:  PL1  Culture:  Ochtodes secundInsrnes  Selpolnl Temperature:  21 C 
Bioreactor Description:  Planar  Inoculum Flasks:  Os-9-1,2,3,5,7 (7-22-98)  Aeration Rate:  2125 mUmin 
Bubble Column  Inoculum Cell Weight:  2.165 g FW  Illuminator 10:  38.1 uE/m2-s 
Time Started:  8:30 pm  ESS Medium Volume:  3 L  Photoperlod:  14 hr ON/10 hr OFF 
Date Started:  8-20-08  Initial Cell Density:  0.72 g FW/L  p1-I:  7.65 
Sample  Time of  Age of  Sampling  Weight of  Weight of  Weight of  Dish Weight  Biomass  Biomass  Specific  Corrected  Corrected 
ID  Sample  Culture  Interval  Dish  Dish + Cells  Cells  After Samp.  Removed  Replaced  Growth  Weight  Density 
(day:hr:min)  (day)  (day)  BB  (10  (g FW)  Removed  (g FIN)  (g FW)  (1/day)  (g FW)  (g/L) 
(0) 
Inoculation  0:0:0  0.00  16.6574  18.8224  2.165  2.165  2.165  0.72  Regression Analysis: 
P11-1  4:23:00  4.95  4.95  8.617  10.710  2.093  10.37  0.339  1.754  2.114  0.70  Constant  -0.137 
PL1.2  82:30  8.08  329  8.482  10.713  2.232  10.38  0.352  1.879  0.073  3.095  1.03  Std Err ofY Est  0.085 
P11-3  13:5:45  13.2  5.12  8.381  10.554  2.173  1021  0.342  1.831  0.028  3.978  1.33  R Squared  0.978 
P11-4  19:2:30  19.1  5.90  8.727  10.959  2.232  10.68  0.281  1.951  0.034  5.250  1.75  No. of Observations  9 
P11-5  26:3:15  26.1  7.00  8.261  10.415  2.154  1023  0.184  1.970  0.014  8.102  2.03  Degrees of Freedom  7 
PL1-8  32:22:15  32.9  8.82  8.282  10.954  2.672  10.60  0.353  2.319  0.045  8.471  2.82 
P11-7  38:1:45  38.1  5.17  7.879  10.654  2.775  10.34  0.316  2.459  0.035  10.53  3.51  X Coefficlent(s)  0.0331 
PL1-8  44:5:30  44.2  8.10  7.806  10.394  2.588  10.14  0.250  2.338  0.008  11.41  3.80  Std Err of Coef.  0.0019 
P11-9  49:2:00  49.1  4.90  8.063  10.585  2.522  1024  0.347  2.175  0.015  12.57  4.19 
P11-10  53:23:15  54.0  4.87  17.228  19.637  2.409  19.15  0.483  1.926  0.021  14.29  4.76 
P11-11  60:3:15  60.1  6.10  8.015  10.221  2.207  9.582  0.640  1.567  0.022  16.91  6.64 
P11-12  65:4:30  65.2  5.10  8.210  9.873  1.463  8.960  0.713  0.750  -0.013  16.38  5.46 Run Idantlfication  Enzyme System 
Bioreactor Run ft  PL1  Culture:  Ochtodes secundiremee 
Bioreactor Description.  Planar  Inoculum Flasks.  Os-9-1,2,3,5,7 (7-22-98) 
Bubble Column  Inoculum Cell Weight.  2.165g FW
Time Started.  8.30 pm  ESS Medium Volume:  3L 
Date Started:  8-20-98  Initial Cell Density  0.728 FW/L 
Date 
of Sample 
8-25-98 
Sample 
PL I-1-1 
P11-1-5 
Fresh Wt 
of Sample 
(g FIN) 
02162 
DCW 
of Sample 
(g DCW) 
aosa 
Amount 
of Beer 
(ml) 
ea 
Aliquot of 
Crude 
(mL) 
0.1 
0.1 
nitiel Conc. 
of MCD 
(nmoVm1) 
33.3 
33.3 
Slope 
(mALI/min) 
8.35 
3.11 
Initial Rate 
(nmoll 
rnt-min) 
Ave. Initial 
Rate Crimol/ 
ml-min) 
0.348  0.448 
0130 
Standard 
Deviation 
0342 
PL1-1-9  0.1  333  2.36  asso 
PL1-1-13 
P11-1-17 
P11-1-4 
P11 -1-6 
a 1 
0.1 
0.1 
a I 
331 
333 
25.0 
250 
1.78 
16.90 
232 
2.09 
0,074 
0,707 
0.097 
0087 
0.115  0.044 
P11-1-10  0.1  250  4.84  0202 
P11-1-14  al  250  103  0085 
P11-1-18  0.1  25.0  246  0.102 
P11-1-2 
P11-1-7 
0.1 
a 1 
16,7 
16.7 
327 
486 
a 136 
a 203 
0.166  0.041 
P11-1-11  0.1  187  278  0.116 
P11-1-15  a 1  187  5.02  0 209 
PL1-1-19  0.1  187  1.37  0.057 
P11-1-3  0.1  83  0.86  0.036  0.228  0.034 
PL1-1-8  a 1  8.3  5.20  0217 
P11-1-12  0.1  83  4.65  0.194 
PL1-1-16  a i  a 3  14.8  0.619 
8-28-98 
P11-1-20 
P11-2-1 
P11-2-5 
0.1928  0034  4.0 
0.1 
0.1 
a I 
83 
8.3 
8.3 
626 
284 
559 
0.261 
0.110 
0233 
0.182  0.052 
P11-2-9  a 1  83  3.60  0.150 
P11-2-13  0.1  8.3  3.56  0.147 
P11-2-17  at  83  843  0288 
P11-2-2  0.1  187  238  0.099  a 173  0.062 
P11 -2-8  a 1  187  6.86  0.288 
PL1-2-10  0.1  18.7  7.08  0.150 
PL1-2-14  0.1  16.7  3.72  0.155 
PL1-2-18  0.1  167  4.24  0.177 
P11-2-3 
P11-2-7 
0.1 
0.1 
250 
250 
4.48 
5.94 
a 187 
0.248 
0.214  0022 
P11-2-11  a 1  250  416  0.207 
P11-2-15  0.1  25.0  2.85  0.199 
P11-2-19  a 1  25.0  553  0.231 
P11-2-4 
P11-2-8 
0.1 
a 1 
333 
33.3 
483 
211 
a 193 
alma 
0.149  0.044 
P11-2-12  0.1  33.3  481  0.205 
P11-2-16  a 1  331  287  a 120 
P11-2-20  0.1  33.3  3.32  a 139 
Process Parsmetem 
Temperature of Assay  35 C
 
p1-1 of assay  80
 
Reaction volume.  3 mt.
 
Buffer:  0.05 M Potassium Phoshate (monobasic)
 
Intercept  +/- Is  Enzyme  +/- 1s  Range of
 
1/Rmax  I/Rmax
  Conc.  Enzyme  Enz. Conc. 
ug/g DCW)  Conc.  up/ig DCW1 
ass  1,93  19  6.6  13 
566  073  22  2.9  19 
25 PL1 - cord 
Date 
of Sample 
Sample  Fresh Wt. 
of Sample 
DCW 
of Sample 
Amount 
of Buller 
AI  of 
Crude 
Conc. 
of MCD 
Absorbance 
Slope 
Initial Rate 
(nmoV 
Ave.  nItial 
ate (nmoV 
Standard 
Deviation 
Intercept 
1/Rmax 
+/- 15 
1/Rmax 
Enzyme 
Conc. 
+/- 1s 
Enzyme 
Range of 
Enz. Conc. 
9-2-98  P11-3-1 
(g FW) 
0.1421 
(g DCW) 
0.027 
(mL) 
4.0 
(ml) 
0.1 
(nmoi/m1) 
8.3 
(mAUfrnin) 
1.16 
mL -min) 
0.048 
mL -min) 
0.000  0.019  8.89  0.51 
ug/g DCW) 
13 
Conc. 
0.8 
ug/g DCW) 
12 
P11-3-5  0.1  8.3  0.20  0.008  14 
PL13-11  0.1  8.3  0.99  0.880 
P11-3-17  0.1  8.3  0.99  0.041 
PL1-3-18  0.1  8.3  0.10  0.004 
P11-3-2  0.1  18.7  328  0.137  0.101  0.025 
P11-3-7  0.1  16.7  1.90  0.079 
P11-3-10  0.1  16.7  2.12  0.088 
P1.1-3-12  0.1  16.7  0.71  0.029 
P1.1-3-18  0.1  18.7  8.51  0.355 
P1.1-3-3  0.1  25.0  0.30  0.013  0.290 
P1.1-3-7  0.1  25.0  8.98  0.290 
P11-3-9  0.1  25.0  12.8  0.534 
P11-3-13  0.1  25.0  0.88  0.038 
P1.1-3-15  0.1  25.0  0.12  0.005 
P11.3-4  0.1  33.3  1.19  0.050  0.078  0.007 
P1.1-3-8  0.1  33.3  1.89  0.071 
P1.1-3-14  0.1  33.3  2.05  0.085 
PL1-3-19  0.1  33.3  1.19  0.050 
P11-3-20  0.1  33.3  0.49  0.020 
9-8-98  P11-4-4 
P1145 
0.1023  0.021  4.0  0.1 
0.1 
8.3 
8.3 
1.84 
11.6 
0.069 
0.486 
0.000  0.000  8.67  1.52  24  42  20 
28 
P11-4-12  0.1  8.3  1.27  0.053 
PL1-4-13  0.1  8.3  1.00  0.042 
P11-420  0.1  8.3  0.83  0.033 
P11-4-3  0.1  18.7  1.43  0.600  0.115  0.203 
P11-4-8  0.1  16.7  3.69  0.154 
P11-4-11  0.1  18.7  2.81  0.117 
P1.1-4-14  0.1  18.7  128  0.054 
PL1-4-19  0.1  16.7  1.74  0.073 
P11-4-2  0.1  25.0  5.90  0.246  0.147  0.085 
PL1-4-7  0.1  25.0  3.67  0.153 
PL1-4-10  0.1  25.0  2.85  0.119 
P11-4-15  0.1  25.0  1.86  0.069 
PL1-4-18  0.1  25.0  0.83  0.035 
PL1-4-1  0.1  33.3  na  0.095  0.023 
PL1-4-8  0.1  33.3  3.12  0.130 
PL149  0.1  33.3  2.34  0.100 
P11-4-18  0.1  33.3  1.73  0.072 
PL1-4-17  0.1  33.3  1.84  0.077 PL1 - cont 
Date 
of Sample 
Sample  Fresh Wt. 
of Sample 
DCW 
of Sample 
Amount 
of Buffer 
Aliquot of 
Crude 
Initial Conc. 
of MCD 
Absorbance 
Slope 
Initial Rate 
(nrnoV 
Ave. Initial 
Rats Om& 
Standard 
Deviation 
Intercept 
1/Rmax 
+/- 1s 
1/Rmax 
Enzyme 
Conc. 
+/- 1s 
Enzyme 
Range of 
Enz. Conc. 
9-15-98  P11-5-1 
(g FW1 
0.1343 
(g DCW) 
0.018 
imL) 
4.0 
(mL)  ..(nmol/mL) 
0.1  8.3 
mAU/minl 
7.35 
mL-min) 
0.306 
mL-min) 
0.112  0.017  6.99  1.93 
ug/g DCW) 
33 
Conc. 
9.2 
(ug/g DCW) 
24 
P11-5-2  0.1  8.3  3.28  0.136  43 
P11-5-3  0.1  8.3  2.29  0.095 
P11-5-4  0.1  8.3  8.24  0.344 
PL1-5-5  0.1  8.3  2.55  0.106 
PL1-5-6  0.1  16.7  1.50  0.062  0.157  0.050 
P11-5-7  0.1  18.7  4.90  0.204 
P11-5-8  0.1  18.7  1.46  0.061 
P11-5-9  0.1  16.7  2.08  0.087 
PL1-5-10  0.1  18.7  4.32  0.180 
P11-5-11  0.1  25.0  2.02  0.084  0.117  0.022 
P11-5-12  0.1  25.0  3.26  0.136 
PL1-5-13  0.1  25.0  3.26  0.136 
PL1-5-14  0.1  25.0  1.42  0.059 
PL1-5-15  0.1  25.0  2.64  0.110 
P11-5-16  0.1  33.3  8.87  0.374  0.231  0.090 
PL1-5-17  0.1  33.3  4.41  0.180 
P11-5-18  0.1  33.3  8.70  0.279 
PL1-5-19  0.1  33.3  3.50  0.148 
P11-5-20  0.1  33.3  4.25  0.177 
9-22-98  P11-6-4  0.2687  0.059  3.0  0.1  8.3  8.30  0.346  0.326  2.7  0.52  20  3.9  16 
P11-6-5  0.1  8.3  20.4  0.850  24 
PL1-8-12  0.1  8.3  7.31  0.305 
P11-6-3  0.1  18.7  6.34  0.264  0.301 
P11-6-6  0.1  16.7  9.07  0.378 
PL1-6-11  0.1  16.7  6.26  0.261 
PL1-8-2  0.1  25.0  13.6  0.568  0.502 
P11-6-7  0.1  25.0  14.2  0.594 
P11-6-10  0.1  25.0  8.23  0.343 
P11-6-1  0.1  33.3  8.27  0.345  0.411 
P11 -6-8  0.1  33.3  15.9  0.683 
P11-6-9  0.1  33.3  5.38  0.224 PL1 - cont 
Date  Sample  Fresh Wt.  DCW  Amount  Aliquot of  Initial Conc.  Absorbance  Initial Rate  Ave. Initial  Standard  Intercept  +/- la  Enzyme  +/- is  Range of 
of Sample  of Sample  of Semple  of Buffer  Crude  of MCD  Slope  (nmol/  Rate (nmol/  Deviation  1/Rmax  I  1/Rmax  Conc.  Enzyme  Enz. Conc. 
(g FW)  (g DCW)  (ml)  (ml)  (nmoUrni..)  (mAU/min)  mi.-min)  ml-min)  ug/g DCW)  Conc.  ug/g DCW) 
9-27-98  P11-7-1  0.2132  0.029  3.0  0.1  8.3  5.53  0.231  0.292  0.060  3.16  0.36  34  4.0  30 
P11-7-8  0.1  8.3  15.7  0.655  38 
PL1-7-9  0.1  8.3  6.52  0.272 
PL1-7-16  0.1  8.3  8.95  0.373 
PL1-7-2  0.1  16.7  6.55  0.273  0.293  0.025 
PL1-7-7  0.1  16.7  7.88  0.328 
P11-7-10  0.1  16.7  13.2  0.548 
P11-7-15  0.1  16.7  6.64  0.277 
P11-7-3  0.1  25.0  10.2  0.427  0.308  0.120 
P11-7-6  0.1  25.0  4.51  0.188 
P11-7-11  0.1  25.0  18.6  0.775 
P11-7-14  0.1  25.0  31.3  1.310 
P11-7-4  0.1  33.3  5.19  0.216  0.393  0.107 
P11-7-5  0.1  33.3  11.4  0.475 
P11-7-12  0.1  33.3  9.53  0.397 
P11-7-13  0.1  33.3  11.6  0.483 
10-3-98  P11-8-4  0.185  0.040  3.0  0.1  8.3  22.4  0.934  0.192  0.000  4.08  0.78  19  3.6  16 
P11-8-5  0.1  8.3  4.60  0.192  23 
P11-8-12  0.1  8.3  8.88  0.370 
P11-8-13  0.1  8.3  8.58  0.380 
P11-8-3  0.1  18.7  8.70  0.383  0.325  ERR 
P11-8-6  0.1  16.7  6.85  0.286 
P11-8-11  0.1  16.7  8.84  0.360 
P11-8-14  0.1  18.7  1.48  0.062 
PL1-8-2  0.1  25.0  8.76  0.385  0.253  0.067 
P11-8-7  0.1  25.0  5.90  0.246 
P11-8-10  0.1  25.0  4.60  0.192 
P11-8-15  0.1  25.0  5.04  0.210, 
P11-8-1  0.1  33.3  16.50  0.687  0.248  0.044 
P11-8-8  0.1  33.3  7.31  0.305 
P11-8-9  0.1  33.3  5.64  0.235 
PL1-8-16  0.1  33.3  4.77  0.199 PL1 - cont 
Date  Sample  Fresh Wt.  DCW  Amount  Aliquot of  Initial Conc.  Absorbance  Initial Rate  Ave. Initial  Standard  intercept  +/- 1s  Enzyme  +/- is  Range of 
of Sample  of Sample  of Sample  of Buffer  Crude  of MCD  Slope  (nmol/  Rate (nmol/  Deviation  1/Rmax  1/Rmax  Conc.  Enzyme  Enz. Conc. 
(g FW)  (g DCW)  (mL)  (ml)  (nmol/mL)  (mAU/min)  ml-min)  mL-min)  ug/g DCW)  Conc.  (ug/g DCW) 
10-8-98  P11-9-4  0.3471  0.049  3.0  0.1  8.3  6.32  0.264  0.181  0.061  5.86  0.43  11  0.9  10 
PL1-9-5  0.1  8.3  3.64  0.152  12 
P11-9-12  0.1  8.3  4.95  0.206 
PL1-9-13  0.1  8.3  2.43  0.101 
PL1-9-3  0.1  18.7  13.9  0.578  0.173  0.034 
P11-9-6  0.1  16.7  5.27  0.220 
PL1-9-11  0.1  18.7  3.79  0.158 
P11-9-14  0.1  18.7  3.39  0.141 
PL1-9-2  0.1  25.0  4.35  0.181  0.180  0.033 
P11-9-7  0.1  25.0  3.15  0.131 
PL1-9-10  0.1  25.0  5.37  0.224 
P11-9-15  0.1  25.0  4.37  0.182 
PL1-9-1  0.1  33.3  1.88  0.078  0.152  0.049 
PL1-9-8  0.1  33.3  4.02  0.168 
P11-9-9  0.1  33.3  5.11  0.213 
P11-9-16  0.1  33.3  3.80  0.150 
10-13-98  P11-10-1  0.354  0.057  3.0  0.1  8.3  9.85  0.403  0.293  0.103  3.57  0.65  16  2.9  13 
PL1-10-8  0.1  8.3  7.71  0.322  18 
P11-10-9  0.1  8.3  3.73  0.155 
PL1-10-16  0.1  8.3  12.8  0.536 
P11-10-2  0.1  18.7  32.2  1.340  0.214  0.057 
P11-10-7  0.1  16.7  7.05  0.294 
P11-10-10  0.1  18.7  3.87  0.161 
P11-10-15  0.1  18.7  4.51  0.188 
P11-10-3  0.1  25.0  9.93  0.414  0.329  0.114 
PL1-10-6  0.1  25.0  10.7  0.446 
P11-10-11  0.1  25.0  3.71  0.155 
PL1.10-14  0.1  25.0  7.18  0.299 
P11-10-4  0.1  33.3  5.48  0.228  0.317  0.078 
P11-10-5  0.1  33.3  6.98  0.291 
P11-10-12  0.1  33.3  7.35  0.305 
PL1-10-13  0.1  33.3  10.6  0.442 PL1 - cont 
Date 
of Sample 
10-19-98 
Sample 
PL1-11-4 
P11-11.5 
PL1-11-12 
Fresh Wt. 
of Sample 
(g FW) 
0.5595 
DCW 
of Sample 
(g DCW) 
0.123 
Amount 
of Buffer 
(mL) 
4.0 
Aliquot of 
Crude 
(ml) 
0.1 
0.1 
0.1 
Initial Conc. 
of MCD 
(nmol/mL) 
Absorbance 
Slope 
(rnAU/min) 
8.3  0.32 
8.3  8.17 
8.3  13.90 
Initial Rate 
(nmoV 
mL -min) 
0.013 
0.257 
0.580 
Ave. Initial 
Rate (nmoV 
mL-min) 
0.135 
Standard 
Deviation 
0.232 
Intercept 
1/Rmax 
1.53 
+/- 1s 
1/Rmax 
Enzyme 
Conc. 
ug/g DCW) 
0.29  23 
+/- 1s 
Enzyme 
Conc. 
4.3 
Range of 
Enz. Conc. 
ug/g DCW) 
18 
27 
P11-11-13  0.1  8.3  27.70  1.150 
P11-11-3 
P11-11-8 
0.1 
0.1 
18.7 
16.7 
3.74 
9.12 
0.158 
0.380 
0.341  0.138 
P11-11-11  0.1  18.7  11.7  0.487 
P11-11-14  0.1  16.7  25.4  1.060 
PL1-11-2  0.1  25.0  5.90  0.248  0.483  0.171 
PLI -11-7  0.1  25.0  13.4  0.558 
PL1-11-10  0.1  25.0  15.5  0.645 
P11-11-15  0.1  25.0  15.8  0.659 
PL1-11.1  0.1  33.3  10.3  0.430  0.815  0.276 
P11-11-8  0.1  33.3  9.38  0.390 
PL1 -11-9  0.1  33.3  13.5  0.561 
P11-11-18  0.1  33.3  28.3  1.080 
10-24-98  PL1-12-1 
P11.12-8 
P11-12-9 
0.5936  0.171  4.0  0.1 
0.1 
0.1 
8.3 
8.3 
8.3 
23.2 
17.2 
7.28 
0.968 
0.718 
0.304 
0.431  0.127  0.87  0.34  37  18.8  18 
56 
PL1.12-16  0.1  8.3  13.40  0.558 
PL1-12-2  0.1  16.7  27.00  1.130  0.233  0.006 
P11-12-7  0.1  16.7  5.44  0.227 
PL1.12-10  0.1  18.7  5.73  0.239 
P11-12-15  0.1  18.7  17.20  0.717 
PL1.12-3  0.1  25.0  12.20  0.509  0.363  0.152 
PL1.12-6  0.1  25.0  3.70  0.154 
PL1-12-11  0.1  25.0  23.30  0.970 
PL1.12-14  0.1  25.0  10.20  0.428 
P11-12-4  0.1  33.3  3.30  0.138  0.381  0.226 
PL1.12-5  0.1  33.3  16.40  0.682 
P11-12-12  0.1  33.3  7.74  0.323 
PL1-12-18  0.1  33.3  24.90  1.040 
O
 Run Identification  Enzyme System  Process Parameters 
Bioreactor Run S:  PL3  Culture:  Ochtodes secundireme.  Setpoint Temperature:  21 C 
Bloreactor Description:  Planar  Inoculum Flasks:  Os-10-3,4,9 (8-20-96)  Aeration Rate:  2125 mUmin 
Bubble Column  Inoculum Cell Weight:  2.05 g FW  Illuminator lo:  38.1 uE/m2 -s 
Time Started:  10:15 pm  ESS Medium Volume:  3 L  Photoperiod:  14 hr ON/10 hr OFF 
Date Started:  10-31-98  Initial Cell Density:  0.68 g FW/L  pH:  7.65 
Sample  Time of  Age of  Sampling  Weight of ! Weight of  Weight of  Dish Weigh'  Biomass  Biomass  Specific  Corrected 
Sample  Culture  Interval  Dish  Dish + Cells  Cells  After Sarno.'  Removed  Replaced  Growth  Density 
(day:hr:min)  (day)  (day)  (S)  (ft)  (g FW)  Removed  (g FIN)  (g FW)  (1/day)  (g FW/L)  Regression I Repression Output: 
(9)  Constant  -0.739 
Inoculation  0:0:0  0  8.2028  10.2527  2.0499  9.9306  0.3221  1.728  0.576  Std Err of Y Est  0.052 
P1.3-2  4:21:15  5.01  5.01  8.0564  9.9161  1.8597  9.7340  0.1821  1.678  0.015  0.735  R Squared  0.995 
PL3-3  10:22:30  10.9  5.89  8.2998  10.2215  1.9217  9.9546  0.2669  1.655  0.023  0.910  No. of Observations  7 
P13-4  14:22:00  14.9  4.00  8.2657  10.2500  1.9843  10.0642  0.1858  1.798  0.045  1.193  Degrees of Freedom  5 
PL3-5  20:20:45  20.9  6.00  16.9591  19.3821  2.423  19.1992  0.1829  2.240  0.050  1.679 
P13-6  24:19:30  24.8  3.90  17.3479  20.4354  3.0875  20.2037  0.2317  2.856  0.082  2.369  X Coefficient(s)  0.0618 
P13-7  29:23:15  30.0  5.20  8.1818  11.9090  17472  11.4741  0.4349  3.312  0.052  3.187  Std Err of Coef.  0.0020 
PL3-8  34:21:30  34.9  4.90  8.5406  12.7449  4.2043  12.4189  0.3280  3.878  0.049  4.206 
PL3-9  39:22:15  39.9  5.03  17.6181  22.3801  4.742  22.0778  0.2823  4.480  0.040  5.255 
P13-10  46:15:25  46.8  6.73  17.2700  21.6841  4.4141  21.2281  0.4560  3.958  -0.002  5.294 
PL3-11  55:23:30  56.0  9.40  17.0016  21.5126  4.511  21.1146  0.3980  4.113  0.014  6.201 
PL3-12  62:21:30  62.9  6.89  16.7251  20.6634  3.9383  20.2528,  0.4106  3.528  -0.008  6.064 
PL3-13  69:21:15  70.0  7.11  16.2081  20.0057  3.7976  19.4802  0.5255  3.272  0.010  6.873 Run Identification  Enzyme System  Process Parameters 
Bioreactor Run t:  PL3  Culture:  Ochlodes socundirama  Temperature of Assay:  35 C 
Bioreactor Description:  Planar  Inoculum Flasks:  08-10-3,4,9 (8-20-98)  pl-1 of assay  8.0 
Bubble Column  Inoculum Cell Weight:  2.05 g FW  Reaction volume:  3 mL 
Time Started:  10:15 pm  ESS Medium Volume:  3 L  Buffer:  0.05 M Potassium Phoshate (monobasic) 
Date Started:  10-31-98  Initial Cell Density:  0.68 g FW/L 
Date  Sample  Fresh Wt.  DCW  Amount  Aliquot of  Initial Conc.  Absorbance  Initial Rate  Ave. Initial  Standard  Intercept  +/- 1s  Enzyme  +/- 1s  Range of 
of Sample  of Sample  of Sample  of Buffer  Crude  of MCD  Slope  (nmol/  Rate (nmoV  Deviation  1/Rmax  1/Rmax  Conc.  Enzyme  Conc. 
(g FW)  (g DCW)  (mL)  (mL)  (nmollmL)  (mAU/min)  mL-min)  mL-min)  ug/g DCW)  Conc.  ug/g DCW) 
10-31-98  P13-1-1  0.2939  0.059  3.0  0.1  8.3  15.3  0.639  0.747  0.074  1.16  0.05  178  8.7  189 
P13-1-8  0.1  8.3  19.6  0.818  186 
P13-1-9  0.1  8.3  19.5  0.814 
P13-1-18  0.1  8.3  17.2  0.719 
P13-1-2  0.1  16.7  19.3  0.805  0.796  0.089 
PL3-1-7  0.1  16.7  21.5  0.894 
P13-1-10  0.1  16.7  20.0  0.833 
P13-1-15  0.1  16.7  15.6  0.652 
P13-1-3  0.1  25.0  19.5  0.811  0.771  0.073 
Ft3-1-6  0.1  25.0  19.4  0.807 
PL3-1-11  0.1  25.0  15.5  0.845 
P13-1-14  0.1  25.0  21.1  0.822 
P13-1-4  0.1  33.3  23.3  0.972  0.864  0.075 
P13-1-5  0.1  33.3  21.4  0.892 
P13-1-12  0.1  33.3  19.6  0.816 
P13-1-13  0.1  33.3  18.6  0.777 
11-5-98  P13-2-4  0.1453  0.029  2.0  0.1  8.3  5.73  0.239  0.358  0.133  3.73  0.28  77  6.0  71 
P13-2-5  0.1  8.3  12.60  0.526  83 
P13-2-12  0.1  8.3  10.8  0.449 
P13-2-13  0.1  8.3  5.23  0.218 
P13-2-3  0.1  16.7  5.26  0.219  0.332  0.106 
PL32-6  0.1  18.7  8.06  0.336 
PL3-2-11  0.1  16.7  12.30  0.512 
P13-2-14  0.1  16.7  6.22  0.259 
PL3-2-2  0.1  25.0  12.10  0.506  0.280  0.161 
P13-2-7  0.1  25.0  3.12  0.130 
PL3-2-10  0.1  25.0  3.00  0.125 
P13-2-15  0.1  25.0  8.84  0.360 
PL32-1  0.1  33.3  10.20  0.427  0.307  0.070 
P13-2-8  0.1  33.3  6.27  0.262 
PL3-2-9  0.1  33.3  6.64  0.277 
P13-2-16  0.1  33.3  8.24  0.260 PL3 - cord 
Date 
of Sample 
11-14-98 
Sample 
PL3-3-4 
Fresh Wt. 
of Sample 
al FW) 
0.2285 
DCW 
of Sample 
(rj DCW) 
0.046 
Amount 
of Buffer 
(ml) 
3.0 
Aliquot of 
Crude 
(ml) 
0.1 
Initial Conc. 
of MCD 
(nmollml) 
8.3 
Slope 
(mAll/min) 
17.50 
Initial Rate 
(nmol/ 
mL-min) 
0.730 
Ave. Initial 
Rate (nmoV 
mL-min) 
0.685 
Standard 
Deviation 
0.037 
Intercept 
1/Rmax 
1.43 
+1- 1s 
1/Rmaz 
0.01 
Enzyme 
Conc. 
ugh) DC1N) 
189 
+/- 13 
Enzyme 
Conc. 
4.5 
Conc. 
Range of 
ug/p DCW) 
184 
P13-3-12  0.1  8.3  15.30  0.639  193 
P13-3-13  0.1  8.3  16.40  0.685 
P11-2-4  0.1  8.3  24.30  1.010 
PL3-3-3  0.1  18.7  22.20  0.928  0.820  0.072 
P13-3-6  0.1  18.7  17.90  0.748 
P13-3-11  0.1  16.7  13.40  0.561 
P13-3-14  0.1  16.7  21.30  0.891 
P13-3-2  0.1  25.0  15.70  0.654  0.681  0.102 
P13-3-7  0.1  25.0  19.60  0.818 
P13-3-10  0.1  25.0  13.70  0.572 
P13-3-15  0.1  25.0  19.00  0.793 
PL3-3-1  0.1  33.3  8.15  0.340  0.828  0.211 
P13-3-8  0.1  33.3  20.10  0.841 
P13-3-9  0.1  33.3  16.70  0.697 
P13-3-16  0.1  33.3  24.50  1.020 
11 -15-96  P13-4-4  0.1508  0.206  2.0  0.1  8.3  14.60  0.809  0.489  0.104  2.8  0.89  14  3.8  11 
P13-4-5  0.1  8.3  12.6  0.523  18 
P13-4-12  0.1  8.3  9.48  0.398 
PL3-4-13  0.1  8.3  8.29  0.348 
P13-4-3  0.1  18.7  15.4  0.842  0.433  0.175 
P13-4-8  0.1  18.7  13.70  0.571 
P13-4-11  0.1  18.7  8.49  0.271 
P13-4-14  0.1  16.7  5.95  0.248 
P13-4-2  0.1  25.0  2.00 -
0.125 -
0.265  0.215 
PL3-4-7  0.1  25.0 
PL3-4-10  0.1  25.0  13.20  0.549 
P13-4-15  0.1  25.0  9.22  0.385 
P13-4-1  0.1  33.3  18.70  0.782  0.429  0.281 
P13-4-8  0.1  33.3  12.3 -
0.512 - PL.3-4-9  0.1  33.3 
P13-4-16  0.1  33.3  10.20  0.423 PL3 - cont. 
Date 
of Sample 
Sample  Fresh Wt. 
of Semple 
DCW 
of Sample 
Amount 
of Buffer 
Aliquot of 
Crude 
Initial Conc. 
of MCD 
Absorbance 
Slope 
Initial Rate 
(nmol/ 
Ave. Initial 
Rate (nmol/ 
Standard 
Deviation 
Intercept 
1/Rmax 
+/- 1s 
1/Rmax 
Enzyme 
Conc. 
+/- 1s 
Enzyme 
Range of 
Conc. 
11-21-98  P13-5-4 
(g FW) 
0.1525 
(g DCW) 
0.023 
(ml) 
3.0 
(mL) 
0.1 
(nmol/mL) 
8.3 
(mAU/min) 
4.12 
ml-min) 
0.172 
mL -min) 
0.260  0.189  4.39  1.20 
ug/g DCW) 
125 
Conc. 
34.3 
ug/g DCW) 
91 
P13-5-5  0.1  8.3  12.60  0.523  159 
PL3-5-12  0.1  8.3  2.03 -
0.085 - P13-5-13  0.1  8.3 
PL3-5-3  0.1  16.7  0.82  0.034  0.368  0.193 
P13-5-6  0.1  18.7  3.75  0.560 
PL3-5-11  0.1  16.7  4.20  0.175 
PL3-5-14  0.1  18.7  11.40  0.476 
P13-5-2  0.1  25.0  3.25  0.138  0.173  0.044 
PL3-5-7  0.1  25.0  3.60  0.150 
P13-5-10  0.1  25.0  3.80  0.158 
P13-5-15  0.1  25.0  5.95  0.248 
P13-5-1  0.1  33.3  5.87  0.236  0.191  0.037 
P13-5-8  0.1  33.3  4.69  0.192 
PL3-5-9  0.1  33.3  1.06  0.044 
P13-5-16  0.1  33.3  3.51  0.146 
11-27-98  P13-6-4  0.1651  0.025  3.0  0.1  8.3  10.10  0.422  0.289  0.443  4.06  0.81  125  18.9  106 
P13-6-5  0.1  8.3  7.3  0.303  144 
PL3-8-12  0.1  8.3  4.47  0.186 
P13-8-13  0.1  8.3  3.91  0.163 
P13-6-3  0.1  16.7  3.38  0.140  0.227  0.088 
P13-6-6  0.1  16.7  8.84  0.360 
P13-6-11  0.1  16.7  3.70  0.154 
P13-6-14  0.1  16.7  6.05  0.252 
P13-6-2  0.1  25.0  8.6  0.380  0.305  0.100 
P13-6-7  0.1  25.0  4.8  0.200 
P13-8-10  0.1  25.0  10.57  0.441 
P13-6-15  0.1  25.0  5.29  0.220 
P13-6-1  0.1  33.3  6.47  0.270  0.206  0.039 
P13-6-8  0.1  33.3  3.94  0.164 
P13-8-9  0.1  33.3  4.8  0.198 
P13-6-16  0.1  33.3  4.61  0.192 PL3 - cont 
Date 
of Sample 
12-1-98 
Semple 
PL3-7-4 
P13-7-5 
P13-7-12 
Fresh Wt. 
of Sample 
(9 FW) 
0.3784 
DCW 
of Sample 
(g DCW) 
0.076 
Amount 
of Buffer 
(ml) 
3.0 
Aliquot of 
Crude 
(ml) 
0.1 
0.1 
0.1 
Initial Conc. 
of MCD 
(nmoUmL) 
8.9 
8.3 
8.3 
Absorbance 
Slope 
(rnAU/min) 
8.27 
3.1 
3.96 
Initial Rate 
(nmoi/ 
mL-min) 
Ave. Initial 
Rate (nmoll 
mt.-min) 
0.345  0.213 
0.130 
0.185 
Standard 
Deviation 
0.146 
Intercept 
1/Rmax 
1.95 
+1- Is 
1/Rmax 
0.84 
Enzyme 
Conc. 
ug/g DCW) 
85 
+/- 1s 
Enzyme 
Conc. 
Range of 
Conc. 
, ug/g DCVV), 
57 27.9 
113 
P13-7-13  0.1  8.3  12.50  0.523 
PL3-7-3 
P13-7-6 
0.1 
0.1 
18.7 
18.7 
5.71 
11.20 
0.238 
0.467 
0.412  0.125 
P13-7-11  0.1  16.7  20.8  0.861 
P13-7-14  0.1  18.7  12.70  0.530 
P13-7-2 
P13-7-7 
0.1 
0.1 
25.0 
25.0 
9.0 
20.40 
0.376 
0.851 
0.323  0.238 
P13-7-13  0.1  25.0  7.1  0.295 
P13-7-13  0.1  25.0  7.1  0.297 
P13-7-1 
P13-7-8 
0.1 
0.1 
33.3 
33.3 
10.42 
9.8 
0.435 
0.409 
0.354  0.069 
P13-7-9  0.1  33.3  6.87  0.287 
12-8-98 
PL3-7-16 
P13-8-4 
P13-8-5 
P13-8-12 
0.2472  0.055  2.0 
0.1 
0.1 
0.1 
0.1 
33.3 
8.3 
8.3 
8.3 
6.9 
11.1 
18.60 
21.60 
0.285 
0.485 
0.776 
0.901 
0.483  0.188  2.24  0.23  68  7.1  61 
75 
P13-8-13  0.1  8.3  11.80  0.483 
PL3-8-3 
P13-8-6 
0.1 
0.1 
16.7 
16.7 
18.20 
18.50 
0.759 
0.773 
0.849  0.123 
PL3-8-11  0.1  16.7  19.30  0.804 
P13-8-14  0.1  18.7  25.50  1.060 
PL3-8-2 
P13-8-7 
0.1 
0.1 
25.0 
25.0 
41.50 
12.60 
1.730 
0.527 
0.479  0.548 
P13-8-10  0.1  25.0  8.72  0.383 
P13-8-15  0.1  25.0  13.10  0.548 
PL3-8-1 
P13-8-6 
P13-8-9 
0.1 
0.1 
0.1 
33.3 
33.3 
33.3 
9.34 
20.70 
26.50 
0.390 
0.886 
1.100 
0.390  0.295 PL3 - cont 
Date 
12-11-98 
Sample 
P13-9-4 
Fresh 
Weight 
(g) 
DCW 
(g) 
Amount 
of Suffer 
(mL) 
Aliquot of 
Crude 
(mL) 
Initial Conc. 
of MCD 
l (nmoUmL) 
Absorbance 
Slope 
(mAU /min) 
0.1  8.3  0.16 
Initial Rate 
(nmotl 
mL-min) 
Ave. Initial 
Rate (nmoit 
mL-min) 
0.007 
Standard 
Deviation 
Intercept 
1/Rmax 
Std. of 
1/Rmax 
Enzyme 
Conc. 
ug/g DCW) 
Std. of 
Enzyme 
Conc. 
Range of 
Conc. 
(ug/g DCW) 
PL3-9-5  0.1  8.3  0.61  0.025 
PL3-9-12  0.1  8.3  0.13  0.005 
PL3-9-3  0.1  16.7  1.72  0.072 
P13 -9-6  0.1  16.7  1.07  0.045 
P13-9-11  0.1  16.7  1.71  0.072 
PL3-9-2  0.1  25.0  0.02  0.038 
PL3-9-7  0.1  25.0  2.94  0.122 
P13-9-10  0.1  25.0  0.91  0.001 
PL3-9-1  0.1  33.3  1.88  0.078  0.147  0.059 
P13-9-8  0.1  33.3  4.11  0.171 
P13-9-9  0.1  33.3  2.62  0.109 
12-18-98  PL3-10-4  0.3127  0.088  3.0  0.1  8.3  5.54  0.231  0.289  0.084  3.15  0.38  45  5.5  40 
PL3-10-5 
P13-10-12 
0.1 
0.1 
8.3 
8.3 
9.78 
5.45 
0.408 
0.227 
51 
P13-10-3  0.1  16.7  8.09  0.337  0.323  0.008 
P13-10-6  0.1  16.7  7.41 -
0.309 - PL3-10-11  0.1  16.7 
PL3-10-2  0.1  25.0  7.06  0.294  0.288  0.008 
P13-10-7  0.1  25.0  6.86  0.278 - PL3-10-10  0.1  25.0  --­
P13-10-1  0.1  33.3  8.7  0.420  0.391  0.030 
P13-10-8  0.1  33.3  10.10  0.381 - PL3-10-9  0.1  33.3  --­
12 -27 -98  P13-11-4 
P13-11-5 
0.2448  0.054  3.0  0.1 
0.1 
8.3 
8.3 
27.80 
10.50 
1.150 
0.436 
0.487  0.051  2.2  0.11  106  5.8  100 
112 
P13-11-12  0.1  8.3  12.7  0.537 
P13-11-3  0.1  18.7  30.20  1.280  0.925  0.237 
P13-11-8  0.1  16.7  18.00  0.753 
P13-11.11  0.1  18.7  18.30  0.781 
P13-11-2  0.1  25.0  24.90  1.040  0.434  0.000 
P13-11-7  0.1  25.0  23.20  0.966 
P13-11-10  0.1  25.0  10.4  0.434 
P13-11-1  0.1  33.3  10.50  0.440  0.445  0.005 
P13-11-8  0.1  33.3  10.70  0.450 
P13-11-9  0.1  33.3  23.50  0.981 PL3 cont 
Date  Sample  Fresh  DCW  Amount  Aliquot of  Initial Conc.  Absorbance  Initial Rate  Ave. Initial  Standard  Intercept  Std. of  Enzyme  Std. of  Range of 
1-3-99  PL3-12.4 
Weight 
(g) 
0.257 
(g) 
0.085 
of Buffer 
(mL) 
3.0 
Crude 
(ml) 
0.1 
of MCD 
(nmoUmL) 
8.3 
Slope 
(mAU/min) 
28.80 
(nmoU 
mL-min) 
1.120 
Rate (nmoU 
mL-min) 
1.173 
Deviation 
0.041 
t 
1/Rmax 
0.85 
1 /Rmax 
0.02 
Conc. 
usig DCW) 
229 
Enzyme 
Conc. 
Conc. 
(ug/g DCW) 
7.5  221 
P13-12-5  0.1  8.3  29.10  1.220  238 
PL3.12-12  0.1  8.3  28.20  1.180 
PL3-12-3  0.1  16.7  23.00  0.957  1.168  0.259 
P13-12-6  0.1  16.7  24.20  1.010 
P13-12-11  0.1  16.7  36.70  1.530 
P13-12-2  0.1  25.0  32.50  1.360  1.152  0.239 
PL3-12-7  0.1  25.0  19.60  0.817 
PL3-12.10  0.1  25.0  30.60  1.280 
P13-12-1  0.1  33.3,  28.2  1.180  1.217  0.059 
PL3-12-8  0.1  33.3  31.20  1.300 
P13-12-9  0.1  33.3  28.1  1.170 
1.10-99  P13-13-3  0.3369  0.067  4.0  0.1  8.3  27.3  1.140  1.19  0.113  0.66  0.07  394  33.3  360 
PL3-13-4  0.1  8.3  32.30  1.350  427 
PL3-13-11  0.1  8.3  28.20  1.090 
P13-13-2  0.1  18.7  23.90  0.999  1.07  0.111 
P13-13-5  0.1  18.7  23.80  0.992 
P13-13-10  0.1  16.7  29.50  1.230 
P13-13-1  0.1  25.0  28.50  1.190  1.11  0.120 
P13-13-6  0.1  25.0  22.60  0.941 
P13-13-9  0.1  25.0  28.70  1.200 
P13-13-7  0.1  33.3  32.20  1.340  1.32  0.020 
P13-13-8  0.1  33.3  15.30  0.838 
P13-13-12  0.1  33.3  31.30  1.300 U
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APPENDIX B
 
PROTOCOLS
 103 
Chloroplast Isolation Protocol 
1. Prepare grinding medium and cool to between 2-5°C: 
1M Sorbitol (MW=182.17) 
0.001M MnC12 (MW= 97.91) 
0.001M MgC12 (MW=203.3) 
0.002M NaNO3 (MW=84.99) 
0.002M Na citrate (MW=294.10) 
0.002M cysteine (MW=121.2) 
0.0005M K2HPO4 (MW=228.23) 
0.005M EDTA (MW=372.25) 
0.05M MES (MW=195.2) 
0.2% (w/v) BSA 
2. Select Laminaria saccharina female gametophyte cell suspension flask from which 
to isolate chloroplasts. 
3. Filter cells from growth medium using a chilled stainless steel cup fitted with an 80 
mesh screen. 
4. Wash cells three times with chilled grinding medium, approximately 5 mL each 
wash. 
5. Put tissue in a chilled 15 mL Potter-Elvehjem (PE) tissue homogenizer with 5-6 
mL grinding medium. 
6. Grind tissue until completely homogenized. If homogenizer warms up cool in the 
refrigerator or with ice. 
7. Fiter the liquid through 8 layers of cheesecloth into a 50 mL centrifuge tube. 
8. Measure and record volume of filtrate. 
9. Remove 1 mL of filtrate for chl a measurement. 
10. Centrifuge seven minutes on dial setting 100. 
11. Decant supernate and put in separate 50 mL centrifuge tube. 
12. Resuspend chloroplast fraction in 1-2 mL of grinding medium. 104 
Lipoxygenase Assay 
Linoleic Acid Stock Preparation: 
1. Select clean 50 mL volumetric flask. 
2. Rinse volumetric flask with 100% ethanol, then let dry. 
3. Pipette 50 111., of 100% ethanol into volumetric flask. 
4. Pipette 50 ut of linoleic acid into volumetric flask and gently agitate. 
5. Add DD H2O to 50 mL with gentle mixing. 
6. Pour contents of flask into a small brown glass jar with lid. 
7. Remove any linoleic acid still inside volumetric flask by rinsing with -500 111., 
100% ethanol and add to glass jar. 
8. Place lid on jar and gently shake to emulsify the lipid. 
9. Pipette 5 mL of linoleic acid (LA) stock into 15 mL plastic vials. 
10. Store vials in refrigerator or freezer until ready to use. 
Spectrophotometric measurement of activity: 
1. Turn on Hitachi 100-10 spectrophotometer and let warm up for 1 hour. 
2. Switch lever in back of spectrophotometer to UV and adjust wavelength to 235 nm. 
3. Turn on computer and set up Peak Simple II. 
4. Pipette 0.5 mL of LA stock into quartz cuvette. 
5. Add 50 III, of grinding medium to cuvette. 
6. Add 0.5 mL of 0.1 M boric acid reagent (adjusted to pH 9.0 with NaOH). 
7. Shake cuvette gently, then place in spectrophotometer. 105 
Lipoxygenase Assay (cont.) 
8.  Zero spectrophotometer according to spectrophotometer procedure. 
9. Add 50 AL of grinding medium to cuvette and shake vigorously. 
10. Quickly place cuvette back in spectrophotometer and hit run on the computer. 
11. Measure absorbance change for 3 minutes. 
12. At the end of run, take cuvette out of spectrophotometer and clean with DD H2O 
then with 70% ethanol. 
13. Repeat steps 4 thru 8. 
14. Add 50 AL of supernate or chloroplast fraction to be tested and shake vigorously. 
15. Repeat steps 10 thru 12. 106 
Bromoperoxidase Spectrophotometric Assay 
Crude Algal Extract 
1. Prepare K2HPO4 buffer by dissolving 0.59 g of K2HPO4 into 100 mL of DDH2O and 
adjusting the pH to pH 6.0 with NaOH. 
2. Prepare monochlorodimedon (MCD) stock solution by dissolving 17.6 mg of MCD 
into 100 mL of DDH2O. 
3. Prepare H202 stock solution by placing 3.4 mL of a 3% H202 solution into 26.6 mL 
of DDH2O. 
4.	  Prepare K2HPO4/KBr buffer by dissolving 0.59 g of K2HPO4 and 0.68 g of KBr 
into 100 mL of DDH2O and adjusting the pH to pH 6.0 with NaOH. 
5. Filter 300-500 mg of fresh biomass from Ochtodes secundiramea microplantlet 
culture media. 
6. Remove entrained media from biomass by lightly pressing between two paper 
towels. 
7. Resuspend biomass in 3 mL of 50 mM potassium phosphate buffer (pH 6.0) in a 15 
!
 mL Potter-Elvehjem (PE) tissue homogenizer. Q.vi 
8. Grind biomass at room temperature. 
9. Allow large particulates to settle (-10 min).	 For spectrophotometric assay avoid
 
large particles, but small colloidal particles are needed for activity.
 
Spectrophotometric Assay 
10. Add 0.3 mL 11202, 0.025-0.1 mL MCD and 2.5-2.75 mL of 50 mM Potassium
 
Bromide in 50 mM Potassium Phosphate Buffer (pH 6.0) to make 3 mL.
 
11. Record absorbance for 1 minute to ensure that the absorbance is not changing
 
with time.
 
12. Add 100 µL of algal extract to cuvette. The algal extract is used to initiate the 
reaction because when the enzyme is incubated with Br and H202, it can be 
deactivated. 
13. Record absorbance change for 2 minutes. 107 
Cell Free Reaction Experiments 
Lipoxygenase enzyme - Commercial Enzyme 
1. Prepare KH2PO4 buffer by dissolving 1.14 g of KH2PO4 into 100 mL of DDH2O and 
adjusting the pH to pH 8.3 with HC1. 
2. Prepare linoleic acid stock solution by dissolving 0.025 mL of linoleic acid into 10 
mL of KH2PO4 buffer . 
3. Weigh out 1.5 mg of commercial enzyme and dissolve in 10 mL of sorbitol 
grinding medium. This is the commercial enzyme stock solution. 
4. To a clean 30 mL beaker add: 
1.5 mL linoleic acid stock 
8.5 mL of KH2PO4 buffer (pH 8.3) 
5. Measure pH of buffer and linoleic acid stock, adjust to pH 8.3 with NaOH if 
necessary. 
6. Place a 2 cm magnetic stir bar inside the vessel and mix at 100 rpm. The reactions 
is carried out at room temperature. 
7. Add 2 mL of dichloromethane (DCM) to five clean 20 mL glass scintillation vials. 
These are the sample vials. 
8. To the 30 mL beaker add 1 mL of commercial enzyme stock solution. 
9. Immediately pippette 1 mL of reaction solution from the 30 mL beaker into a
 
sample vial and shake vigorously to quench the enzyme reaction.
 
10. Continue to sample the 30 mL beaker every 15 minutes, and immediately quench 
the sample as described above. 
11. To prepare samples for GC anaylsis blow down to dryness under N2 at room
 
temperature.
 
12. Reconstitute in 0.4 mL of DCM. 
13. Store in freezer until GC analysis. 108 
Cell Free Reaction Experiments (cont.) 
Lipoxygenase enzyme - crude extract 
1. Prepare KH2PO4 buffer by dissolving 1.14 g of KH2PO4 into 100 mL of DDH20 and 
adjusting the pH to pH 8.3 with HC1. 
2. Prepare linoleic acid stock solution by dissolving 0.025 mL of linoleic acid into 10 
mL of KH2PO4 buffer . 
3. Prepare L. saccharina crude extract by following steps 1 through 8 of the 
chloroplast isolation protocol. 
4. To a clean 30 mL beaker add: 
0.5 mL linoleic acid stock 
6.5 mL of KH2PO4 buffer (pH 8.3) 
5. Measure pH of buffer and linoleic acid stock, adjust to pH 8.3 with NaOH if 
necessary. 
6. Place a 2 cm magnetic stir bar inside the vessel and mix at 100 rpm. The reaction 
is carried out at room temperature. 
7. Add 2 mL of dichloromethane (DCM) to five clean 20 mL glass scintillation vials. 
These are the sample vials. 
8. To the 30 mL beaker add 3 mL of L. saccharina crude extract. 
9. Immediately pippette 1 mL of reaction solution from the 30 mL beaker into a 
sample vial and shake vigorously to quench the enzyme reaction. 
10. Continue to sample the 30 mL beaker every 15 minutes, and immediately quench 
the sample as described above. 
11. To prepare samples for GC anaylsis, filter through a0.45 1.tm syringe filter and
 
then blow down to dryness under N2 at room temperature.
 
12. Reconstitute in 0.4 mL of DCM. 
13. Store in freezer until GC analysis. 109 
Cell Free Reaction Experiments (cont.) 
Bromoperoxidase enzyme - commercial enzyme 
1. Prepare K2HPO4 buffer by dissolving 0.59 g ofK21-1PO4 into 100 mL of DDH2O and 
adjusting the pH to pH 6.0 with NaOH. 
2. Prepare monochlorodimedon (MCD) stock solution by dissolving 17.6 mg of MCD 
into 100 mL of DDH2O. 
3. Prepare H202 stock solution by placing 3.4 mL of a 3% H202 solution into 26.6 mL 
of DDH2O. 
4.	  Prepare K2HPO4/KBr buffer by dissolving 0.59 g of K2HPO4 and 0.68 g of KBr 
into 100 mL of DDH2O and adjusting the pH to pH 6.0 with NaOH. 
5. Dissolve 10 units of commercial bromoperoxidase into 1 mL K2HPO4 buffer. This 
is the commercial enzyme stock solution. 
6. To a clean 30 mL beaker add: 
1.3 mL MCD stock 
8.0 mL of K2HPO4 buffer (pH 6.0)
 
1 mL of H202 stock
 
7. Measure the pH of the buffer and stock solution, adjust to pH 6.0 if necessary. 
8. Place a 2 cm magnetic stir bar inside the vessel and mix at 100 rpm. The reaction 
is carried out at room temperature. 
9. Add 3 mL of 0.019 M sulfuric acid solution to five clean 20 mL glass scintillation 
vials. These are the sample vials. 
10. To the 30 mL beaker add 0.025 mL of commercial enzyme stock solution. 
11. Immediately pippette 1 mL of reaction solution from the 30 mL beaker into a
 
sample vial and shake vigorously to quench the enzyme reaction.
 
12. Continue to sample the 30 mL beaker every 15 minutes, and immediately quench 
the reaction as described above. 
13. To prepare samples for GC anaylsis allow to evaporate at room temperature. 110 
Cell Free Reaction Experiments (cont.) 
14. Reconstitute in 0.4 mL of DCM. 
15. Store in freezer until GC analysis. 
Bromoperoxidase enzyme - crude extract 
1. Prepare K2HPO4 buffer by dissolving 0.59 g of K2HPO4 into 100 mL of DDH2O and 
adjusting the pH to pH 6.0 with NaOH. 
2. Prepare monochlorodimedon (MCD) stock solution by dissolving 17.6 mg of MCD 
into 100 mL of DDH2O. 
3. Prepare H202 stock solution by placing 3.4 mL of a 3% H202 solution into 26.6 mL 
of DDH2O. 
4.	  Prepare K2HPO4/1(13r buffer by dissolving 0.59 g of K2HPO4 and 0.68 g of KBr 
into 100 mL of DDH2O and adjusting the pH to pH 6.0 with NaOH. 
5. Prepare a crude extract of O. secundiramea according to steps 5 through 8 of the 
bromoperoxidase assay protocol. 
6. To a clean 30 mL beaker add: 
0.5 mL MCD stock 
7.5 mL of K2HPO4 buffer (pH 6.0)
 
1 mL of F1202 stock
 
7. Measure the pH of the buffer and stock solution, adjust to pH 6.0 if necessary. 
8. Place a 2 cm magnetic stir bar inside the vessel and mix at 100 rpm. The reaction 
is carried out at room temperature. 
9. Add 3 mL of 0.019 M sulfuric acid to five clean 20 mL glass scintillation vials. 
These are the sample vials. 
10. To the 30 mL beaker add 1 mL of crude extract. 
11. Immediately pippette 1 mL of reaction solution from the 30 mL beaker into a 
sample vial and shake vigorously to quench the enzyme reaction. 111 
Cell Free Reaction Experiments (cont.) 
12. Continue to sample the 30 mL beaker every 15 minutes, and immediately quench 
the reaction as described above. 
13. To prepare samples for GC anaylsis, filter through a 0.45 gm syringe filter and 
allow to evaporate at room temperature. 
14. Reconstitute in 0.4 mL of DCM. 
15. Store in freezer until GC analysis. 112 
APPENDIX C
 
LIPDXYGENASE RATE DERIVATION
 113 
Lipoxygenase Rate Derivation 
The total specific lipoxygenase rate (Ro,Lpo) is equal to the sum of the specific 
rate from the each fraction of the crude extract 
RO,LPO  RCF,LPO  RW,LPO  (24) 
where RcF,Lpo is the specific lipoxygenase rate in the chloroplast rich fraction (gmol 
LA/gg enz.-min) and RsF,Lpo is the specific lipoxygenase rate in the supernate fraction 
(gmol LA/gg enz.min). The specific rate in each fraction is equal to 
SCF e VR  SSF e VR 
RCF,LPO  SF,LPO  (25) 
MCF  SF 
where ScF and SSF are the corrected slopes from the lipoxygenase assay, e is the 
absorbance constant for 13-HODE (0.04 gmol LA/mLAU), VR is the reaction volume 
of the cuvette (mL) and M is the amount of biomass from each fraction that is added 
to the cuvette. The amount of biomass added to the cuvette is equal to 
MsF. -r X.Dcw,sF V MCF XDCW,CF Va  (26) 
where XDcw,cF and XDcw,sF are the dry cell densities of the chloroplast rich and 
supernate fractions respectively (mg DCW/L) and Va is the volume of the aliquot 
added to the cuvette (L). 
The dry cell densities of the chloroplast rich and supernate fractions were not 
measured but instead estimated from a ratio of chlorophyll a measurements. It was 
assumed that the specific chlorophyll a concentration (mg chl a/mg DCW) does not 
change. Therefore 
CA,CF  CA E  _  (27)
XDcw,sF  Xrcg,,E XDCW,CF 114 
where C&cF, CA,sF and CA,E are the chlorophyll a concentrations of the chloroplast rich 
fraction, the supernate fraction and the crude extract respectively (mg chl a/L). 
Equation (27) reduces to 
X DCW,E  CA,CF  X DCWE CAS. 
XDcws7jp. XDCW,CF  (28)
CAE  CAE 
Inserting equations (28) and (26) into equation (25) results in 
SCF c V R  S  E V R 
RCF,LPO  X C X C V DCWE A,CF  Va  DCWE  A,SF  a  (29) 
CA,E  CA,E 
The total amount of chlorophyll a must be conserved between the two fractions 
=  +V C VE CA,E  VCF  (30) CF A,CF  SF A,SF 
In equation (7), VE is the volume of the crude extract (L), VcF is the volume of the 
crude extract (L) and VsF is the volume of the supernate fraction (L). Dividing by VE 
and CAcF for the chloroplast rich fraction or VE and CA,sF for the supernate fraction 
gives 
V C CA,E  V CF  SF  A,SF  CA,E  VSF  VCF C 
(31)
VE  VECA,cF  V C CA,CF  CA SF 
VE  E  A,SF 
Solving for CA,cF and CA.sF gives 115 
C A,E  C 
C AE 
A,CF  VSF V  V C  (32)  17CF CA,CF  (33) 
VE  VE CALF.  VE CA,SF  VE 
Finally, inserting equations (32) and (33) into equation (29) gives 
CF  SF  A 'SF 
SsF E  V SCF 8 V R
 
X V  C 1 ,F  X V
  CA,F 
(34) 
CA,E  CF  SF  A , SF  CA,E  VCF  CA,CF VSF VSF 
V  V CA E  ,CF ,CF  E  CASF  VE 
Rearranging yeilds 
E V  Vt..  V R  r s  CA A,SF)  (  VCR' C A,CF 
v
+ Rojpo  7  CF  SsF  )1  (35)
VE  VE  CAS DCW,E  a  E 'A,CF  E  r E 
To estimate specific enzyme concentration, the initial lipoxygenase rate must be in 
volumetric units, and multiplying by the amount of biomass results in 
VCF  V &q.  CAsp  (YSF SF  C A,CF
E  Ss. RROB  "/  (36) [CF  V  V C CA,CF  YE  YE CAS E E 116 
Ca,sf/Ca,d Factor for Lipoxygenase Rate Calculation 
Fraction  Volume  Volume of  Absorbance  Average  +/- 1s  Ave. Chl a  +/- Is  Ca,sf/Ca,cf 
Tested  of Sample  Fraction  Reading  Absorbance  Absorbance  Conc.  Chi a 
(mL)  (mL)  (AU)  (AU)  (m9/0 
supemate  10  1.8  0.085  0.058  0.020  0.472  0.183  0.455 
supemate  10  1.8  0.052 
supemate  10  1.8  0.037 
chloroplast  10  1  0.124  0.127  0.025  1.037  0.200 
chloroplast  10  1  0.159 
chloroplast  10  1  0.099 117 
APPENDIX D
 
ESTIMATION OF PLANAR FRESH CELL DENSITY
 118 
Fresh Cell Density Estimation for Planar Bubble Column 
Nomenclature: 
corrected biomass in the reactor on previous sampling day [g FW] Xc,ti
 
sample removed on previous sampling day [g FW]
 Xs,t1
 
X.c32  corrected biomass on current sampling day [g FW]
 
Xa  biomass before removal of sample on current sampling day [g FW]
 
biomass replaced into reactor on previous sampling day [g FW]
 Xti
 
t  day
 
specific growth rate
 
Overall mass balance: 
Corrected wt. = amt in reactor + amt biomass +  amt of + amt sample 
previously  in reactor grew  sample  would have 
grown 
Mathematically: 
X=  +  rXc. C, t2  XC  ,  X, S  +  t XSt  (37) 
11 was calculated by: 
(38) 119 
APPENDIX E
 
CALIBRATIONS
 120 
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Figure El GC calibration curve for linoleic acid. 
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Figure E2 GC calibration for 13-HODE. - -
121 
1-ifttet?.. tc-10,  IP-s RP 
Conc. of  Injection  Retention  Area Under  Ave. AUG  Regression Analysis:
 
LA  Volume  Time  Curve
  Constant  0 
(umol/mL)  (uL)  (min)  (AUC)  Sid Err of Y Est  419586 
1.00  5.0  4.172  745501  728414  R Squared  0.980 
4.171  709277  No. of Observations  5 
4.172  730463  Degrees of Freedom  4 
3.00  5.0  4.176  1758723  1985463 
4.179  2198240  X Coefficient(s)  560715 
4.177  1941425  Std Err of Coef.  21784 
6.00  5.0  4.180  2493200  2931591 
4.182  2861173 
4.186  3440400 
10.00  5.0  4.196  6055552  8088263 
4.192  5521797 
4.196  6687441 
15.00  5.0  4.200  7853672  7947887 
4.200  7309102 
4.203  8680886 
13-MODE Calibration for GC 
Conc. of  Injection  Retention  Area Under  Ave. AUC
 
13-MOOS  Volume  Time  Curve
 
(umoliml)  (uL)  (min)  (AUC)  Regression Analysis: 
0.020  4.343  12113  12833  Constant  0 
4.848  13152  Sid Err of Y Est  2894 
R Squared  0.989 
4.604  31040  32845  No. of Observations  5 
4.720  34047  Degrees of Freedom  4 
4.708  32847 
4.701  37234  41778  X Coefficient(s)  570045 
4.694  44809  Std Err of Coef.  14490 
4.854  43291 
4.892  50360  51822 
4.638  48061 
4.828  56448 
4.858  71013  65811 
4.807  100809 -122 
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Figure E3 GC calibration for monochlorodimedon. 123 
RAPP POPROP PI- PP 
MCD  Retention  Area Under  Ave. Area 
Conc.  Time  Curve  Under 
(umoUmL)  (min)  (AUC)  Curve 
0.142  3.984  12688  13461 
3.983  12184 
3.983  15511 
0.284  3.984  23532  21636 
3.988  24138 
3.985  17237 
0.426  3.986  25568  36432 
3.985  32197 
3.983  51541 
0.568  3.982  51168  48663 
3.983  46516 
3.982  48304 
0.71  3.981  52484  58808 
3.982  63228 
3.982  60712 
0.852  3.972  81558  78384 
3.972  91548 
3.972  62046 
Regression Analysis: 
Constant  0 
Std Err of Y Est  2776 
R Squared  0.987 
No. of Observations  6 
Degrees of Freedom  5 
X Coefficient(s)  87063 
Std Err of Coef.  2050 124 
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Figure E4 Absorbance calibration for monochlorodimedon. 125 
Absorbance vs. MCD concentration 
MCD  Abs.  Average 
Conc.  (AU)  Abs 
(nrnol/mL)  (AU) 
3.3	  0.106  0.098 
0.093 
0.103 
0.086 
0.102 
8.3	  0.223  0.223 
0215 
0.222 
0.229 
0.226 
16.7  0.446  0.428 
0.414 
0.417 
0.429 
0.436 
25.0  0.645  0.661 
0.658 
0.676 
0.655 
0.671 
33.3  0.868  0.864 
0.855 
0.884 
0.847 
0.868 
41.7  1.063  1.091 
1.086 
1.100 
1.093 
1.115 
50.0  1.254  1.274 
1.270 
1.269 
1.290 
1.289 
67.0  1.662  1.629 
1.473 
1.540 
1.714 
1.755 
Standard
 
Deviation
 
0.0074 
0.0047 
0.0119 
0.0112 
0.0127 
0.0171 
0.0136 
0.1063 
Regression Analysis: Abs. vs Co 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 
0.0330 
0.0283 
0.998 
8 
6 
X Coefficient(s) 
Std Err of Coef. 
0.0245 
0.00049 126 
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Estimation of 15-HETE Concentration in L. saccharina Gametophyte Cultures 
15-HETE concentration in L. saccharina biomass was measured by ELISA 
following extraction and partial purification of the oxylipin fraction. A TiterZyme® 
15-HETE Enzyme Immunoassay (EIA) Kit from PerSeptive Biosystems Inc. was used 
for the ELISA assays. A 15-20 mL sample of biomass was freeze dried and weighed. 
The biomass was then placed into 20 mL of a 2:1 DCM/Me0H solution and ground in 
a 50 mL PE tissue homogenizer until the biomass was completely homogenized. The 
DCM/Me0H organic extract was stored in the freezer at -20 °C. 
The oxylipin fraction in the DCM/Me0H organic extract was partially 
purified. First, 2 mL of the organic extract was blown down to dryness under nitrogen 
at room temperature. The residue was then resuspended in 1 mL of a 0.1 M Na2HPO4 
buffer (pH 7.0) and acidified to pH 3.0 with 3% formic acid. The sample was then 
applied to a prewashed ODS-silica cartridge and washed with 5 mL distilled/deionized 
water, 5 mL of 15 % ethanol and 5 mL of petroleum ether. The oxylipin fraction was 
then eluted from the cartridge with 10 mL of distilled ethyl acetate. The sample was 
again evaporated to dryness under nitrogen at room temperature and the residue 
reconstituted in 3 mL of TiterZyme® Kit buffer and stored at -20 °C until 15-HETE 
analysis. 
A spectrophotometric enzyme immunoassay was used to determine the 
concentration of 15-HETE. All reagents used were supplied by the TiterZyme® Kit 
and the procedures provided by PerSeptive Biosystems were followed. First, all 
reagents were brought to room temperature and mixed without foaming. Then, 100 
!IL of sample and 100 gL of a rabbit polyclonal 15-HETE antibody were pipetted into 
a well plate precoated with a goat anti-rabbit antibody. The well plate was then sealed 
and placed in the refrigerator (2-8 °C) overnight. The next day, 100 1.11, of 15-HETE 
alkaline phosphatase conjugate was added to each of the wells. The well plate was 
again sealed and placed into the refrigerator (2-8 °C) for 1 hour. After 1 hour the 
solution was aspirated from the wells and the wells were washed three times with 400 128 
gl. of wash buffer. The well plate was then inverted and blotted onto paper towels. 
Next, 300 gl, of pNPP substrate solution was added to the wells and the well plate 
was incubated at 37 °C for three hours. After the three hour incubation, 50 !IL of stop 
solution was pipetted into the wells and the absorbance at 405 nm was read 
immediately. The concentration of 15-HETE in the sample was then determined from 
a calibration curve of absorbance (450 nm) vs. concentration of 15-HETE standard 
supplied by PerSeptive Biosystems. 129 
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Figure Fl Specific 15-HETE concentration for Stirred Tank Run #2. Run identificatIon  Culture Loading  Process Parameters 
Bioreactor Run N  2  Culture:  Lemlnarte sacchanna  Total Air Flow:  1150 mUmin 
Bioreactor Descnption.  Applikon 3 L  Inoculum Flasks:  LS-32-4,6,7,8 (1-10-97)  Setpoint Temperature:  13 C 
Stirred Tank  Inoculum Cell Density:  2800 mg DCW/L  Impeller Speed:  250 rpm 
Time Started.  12:10 pm  Inoculum Volume:  100 mL  Illuminator lo:  77 uE/m-s 
Date Started.  2-7-97  GP2 Medium Volume.  2L  Photoperiod:  16 hr ON/8 hr OFF 
Assay Date:  12-10-97  Total Culture Volume:  2100 mL 
Initial Cell Density:  133.3 mg/L 
Extraction  ELISA  Semi -lop  Yield 
Sample ID  Well No.  Date  Sample  Dry Wt.  Volume of  Volume of  Volume of  Vol. Buffer  Vol. dilubint  Total  Dilution  Abe a  Average  Ratio  pg 15-1-1E1E  ug HETE  Standard 
Biomass  Freeze Dry  Extract  Eluate  Buffer  + Sample  Buffer  Stock Vol.  Factor  405 nm  FW/DW  per mL  per gDCW  Deviation 
UN  (1:1)  (ml)  (mL)  (mL)  (uL)  (uL)  (mL)  (g/q)  Semi-log  Semi-log 
50 ppm  1C  2.160  2.208  7.45  0.048 
50 ppm  1D  2.256 
250 ppm  16  2.080  2.191  8.00  0.111 
250 ppm  'IF  2.302 
2-03-E1  1G  5-30-97  0.050  0.002  18  10  5  100  2000  2100  0.048  1.751  1.718  20.83  57.4  2.51  0.033 
2-03-E2  1H  1.685 
2-05-E1  2A  6-4-97  0.160  0.027  18  10  5  100  3000  3100  0.032  1.445  1.423  5.926  196  1.13  0.022 
2-05-E2  26  1.401 
2-06-E1  2C  6-5-97  0.130  0.025  18  10  5  100  4000  4100  0.024  1.779  1.757  5.159  48.8  0.397  0.022 
2-06-62  2D  1.735 
2-07-E1  2E  6-4-97  0.150  0.030  18  10  5  100  5000  5100  0.020  1.817  1.778  5.066  44.8  0.386  0.039 
2-07-E2  2F  1.738 
2-09-E1  2G  6-5-97  0.160  0.037  18  10  5  100  7000  7100  0.014  1.787  1.738  4.348  52.9  0.510  0.049 
2-09-E2  2H  1.688 131 
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Lipoxygenase Enzyme (LPO) 
E.C. 1.13.11.12 
Source:  Soybean Lipoxygenase Type 1-B 
Lyphilized Powder, Sigma Lot #118F03422 
Purity:  60% protein 
150,000 units /mg protein 
110,600 units/mg solid 
Activity:  1 unit ---- 0.001 AAU234/min 
Definition  3.0 mL reaction volume, 1 cm path length, pH 9.0, 25 °C 
1 AAU = 0.12 gmol LA 
Bromoperoxidase Enzyme (BPO) 
E.C. ---­
Source:  Red Alga Corallina officinalis 
Lyphilized Powder, Sigma Lot #105H38993 
Purity:  10% protein 
100 units/mg protein 
Activity:  1 unit = 1.0 mot MCD/min 
Definition:  pH 6.4, 25 °C 